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The  object  of  the  study  was  to  define  and  determine  a  single  exponent 
gravity  model  for  the  distribution  of  weekend  recreational  trips  and  then 
to  test  the  accuracy  of  the  evolved  model  in  making  the  theoretical 
distribution  <.  In  this  study,  the  state  park  was  chosen  as  the  recreational 
area  and  the  residential  area  was  defined  as  the  county .  The  data  were 
collected  for  a  five  week  period  by  means  of  a  license  plate  study  o 

Presented  in  the  text  are  an  explanation  of  the  mathematical 
procedures  in  the  computer  solution  and  a  description  of  the  procedures 
used  in  choosing  the  parameters  and  designing  the  study o  In  addition  to 
determining  the  gravity  model,  there  is  presented  a  regression  model 
which  was  evolved  to  predict  the  number  of  trips  attracted  to  a 
recreational  area  based  on  its  facilities..  Also,  presented  are  studies 
to  determine  the  distance  from  which  90f>  of  the  weekend  trips  occur, 
the  distribution  of  weekend  arrivals,  and  the  percent  of  trips  arriving 
on  the  weekend o  Lastly,  there  is  a  discussion  of  a  distribution  using 
the  gravity  model  evolved,  and  some  suggestions  for  future  areas  of  research. 
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ABSTRACT 

Schulman,  Lawrence  Leonard,  MSCE,  Purdue  University,  June  196U- 
Traffic  Generation  and  Distribution  of  Vieekend  Recreational  Trips.  Major 
Professor:  William  L.  Greece 

Travel  for  recreational  purposes  is  quickly  becoming  one  of  the  more 
important  criteria  for  determining  design  capacities  on  many  roads  through- 
out the  nation.  In  view  of  this  change,  the  object  of  this  study  was  to 
define  and  determine  a  single  exponent  gravity  model  for  the  distribution 
of  weekend  recreational  trips  and  then  to  test  the  accuracy  of  this  model 
in  making  the  theoretical  distribution.  The  study  of  weekend  travel  was 
chosen  since  the  results  of  recent  studies  indicate  that  the  majority  of 
recreational  travel  takes  place  on  the  weekend. 

For  purpose  of  data  collection,  the  state  park  was  chosen  as  the 
recreational  area  and  the  residential  area  was  defined  as  the  county.  The 
data  were  collected  at  five  state  parks  for  a  five  week  period  during  the 
Summer  of  1963.  The  quantity  to  be  determined  was  the  county  of  origin  of 
each  automobile  arriving  at  the  gate  and,  therefore,  a  license  plate  study 
was  performed.  A  Fortran  XV  program  was  written  to  determine  the  constants 
of  the  gravity  model,  and  a  second  computer  program  was  used  to  perform  the 
comparison  and  the  statistical  analysis. 

It  was  concluded  from  the  results  of  the  study  that  a  single  exponent 
could  not  be  determined  which  would  satisfactorily  distribute  a  given  num- 
ber of  recreational  trips  to  their  counties  of  origin.  However,  the  results 


XX 


of  the  study  did  indicate  that  a  two  exponent  model  could  be  developed 
which  would  accurately  distribute  these  trips.   This  is  based  on  the  find- 
ings which  seem  to  indicate  that  these  trips  come  from  two  different 
populations . 

Since  this  model  is  to  be  used  to  distribute  a  predicted  number  of 
trips,  two  additional  studies  were  performed  to  facilitate  the  future  use 
of  this  model.  The  first  study  was  performed  to  determine  a  model  for  the 
prediction  of  the  number  of  recreational  trip3  that  will  be  attracted  to 
a  proposed  recreational  area.  In  this  study  forty-eight  variables  were 
used,  all  of  which  were  based  on  the  characteristics  of  the  park  and  the 
characteristics  of  the  surrounding  areas.  The  analysis  resulted  in  a  ten 
term  multiple  regression  model.  The  second  study  was  conducted  to  deter- 
mine the  extent  of  the  influence  of  an  individual  park.  This  is  needed 
to  determine  the  area  over  which  a  given  number  of  trips  should  be  distri- 
buted. The  results  of  this  study  indicated  that  not  all  of  the  state  parks 
serve  the  same  purpose.  Some  parks  tend  to  serve  only  a  local  population 
while  others  can  attract  from  a  state-wide  area. 

In  the  way  of  further  analysis  on  the  distribution  of  weekend  recrea- 
tional trips  two  additional  studies  were  undertaken.  The  first  was 
performed  to  determine  what  percentage  of  the  total  number  of  the  recreational 
trips  made  during  a  week  occur  on  the  weekend,  and  the  second  was  performed 
to  determine  the  distribution  of  arrivals  at  the  parks  on  the  weekend. 
This  second  study  determined  the  percent  of  arrivals  occurring  on  each  day 
of  the  weekend,  and  the  peak  hours  of  arrival  on  each  of  these  days. 


INTRODUCTION 

Throughout  history  recreational  travel  has  paralleled  the  availability 
of  transportation  facilities.  Before  1800  the  three  basic  modes  of  trans- 
portation were  horse,  boat  or  foot,  each  of  which  were  slow  and  tedious 
means  of  long  distance  travel.  As  a  result,  people  in  the  rural  areas 
hesitated  about  travelling  any  substantial  distance  unless  absolutely 
necessary  for  survival.  The  hardship  suffered  in  seeking  amusement  even 
a  few  miles  away  caused  people  to  shun  all  travel  for  recreational  purposes. 
Recreation  in  the  hone  or  with  the  closest  neighbor  became  the  usual  prac- 
tice, with  the  immediate  surroundings  being  the  recreational  playground. 

Where  communities  began  to  grow,  travel  in  and  around  these  areas 
became  practical;  however,  travel  between  communities  still  remained  a 
problem.  For  most  communities,  the  provision  of  recreation  facilities 
continued  to  be  a  local  issue.  The  immobility  of  the  population,  a  fact 
which  resulted  in  the  isolation  of  individuals  and  groups,  created  a  situ- 
ation which  failed  to  provide  any  opportunities  for  organizing  leisure 
activities  on  a  wide  spread  basis. 

With  the  advent  of  the  19th  century,  recreational  transportation  was 
still  limited  by  inconvenience,  time,  and  money.  However,  with  the  birth 
of  steam  locomotion,  steamboat  excursions  became  the  popular  form  of 
group  recreation  and  a  new  recreational  era  was  bora.  At  first,  this 
phenomenon  was  experienced  only  by  the  wealthy  and  more  leisured  class, 
but  gradually  the  common  man  emulated  the  leisured  class.  Train  excur- 
sions to  various  points  of  interest  f ollowed  the  same  pattern  as  steamboat 


excursions.  Places  of  recreation  outside  the  city  began  to  develop  and 
the  populace  flocked  to  the  trains  on  Saturday  and  Sunday  afternoons  to 
escape  the  congestion  of  the  city. 

Near  the  end  of  the  19th  century  electric  trolleys  began  to  stretch 
their  intricate  network  throughout  many  cities  and  thereby  provided  a 
considerable  number  of  new  leisure  opportunities  for  many  people.  Some 
transit  companies  established  amusement  areas  on  the  outskirts  of  cities. 
Others  operated  special  trolley  car  carnivals  at  night  which  included  gay 
illumination  and  music ;   while  still  others  provided  special  transportation  * 
to  and  from  municipal  and  private  recreational  areas  within  the  city. 
The  low  cost  of  fares,  convenience,  and  ease  of  travel  caused  the  great 
masses  of  people  to  change  their  pattern  of  leisure  activity  and  travel 
for  recreational  purposes. 

The  effect  and  importance  of  the  accessibility  of  transportation 
facilities  on  the  volume  of  recreational  travel  is  obvious  from  the  changes 
which  occurred  during  this  period.  The  new  methods  of  mobility  were  used 
by  people  to  make  their  lives  more  enjoyable  through  increased  recreational 
activity.   Convenient  transportation  made  the  population  mobile  and  pro- 
vided the  necessity  for  public  recreation  areas.  Recreational  travel  had 
become  a  part  of  the  American  Culture. 

In  the  20th  century,  the  pace  of  recreational  travel  has  continued 
to  spiral.  With  the  advent  of  the  automobile  and  mass  transportation, 
America  has  become  in  reality  a  country  on  wheels.  The  farmer,  the  day 
laborer,  the  merchant,  and  the  executive  can  all  enjoy  the  use  of  the 
automobile  for  recreational  purposes.  Increased  mobility  has  lead  to  the 
development  of  new  local,  state,  and  national  highways  and  has  opened  up 
untold  opportunities  for  recreational  pursuits.  The  once  remote  state 


and  national  parks,  commercial  resorts,  sea  shores,  forests,  historical 
landmarks  and  scenic  spots  of  interest  have  become  well-frequented  recrea- 
tional zones  for  every  class  of  people. 

The  use  of  the  automobile  continues  to  surge  and  with  it  recreational 
travel  continues  to  grow.  Results  of  studies  have  already  begun  to  indi- 
cate the  importance  of  recreational  travel  in  determining  the  capacities 
of  new  facilities.   In  many  areas,  it  has  already  been  found  that  the 
peak  volumes  are  occurring  on  the  weekend  for  recreational  purposes  and 
not  during  the  morning  and  evening  journey- to- work  hours  as  was  previously 
assumed  (11)*.  If  the  trends  continue,  the  problem  of  capacities  can  only 
become  more  critical  in  the  future. 

The  concern  with  future  demand  for  recreational  travel  has  launched 
numerous  studies  and  surveys  into  the  area  of  recreation  and  what  factors 
cause  recreational  activities  to  exist.  One  of  the  most  comprehensive 
studies  in  this  area  was  performed  by  the  Outdoor  Recreation  Resource  Review 
Commission  in  January,  1962.  According  to  their  projections,  the  increase 
in  recreational  activities  over  the  past  years  will  seem  insignificant 
when  compared  with  the  increases  which  seem  imminent  in  the  future. 

Figure  1  shows  the  increase  which  has  been  observed  during  the  period 
from  1931  -  1959  (III).  In  this  period  of  less  than  ten  years  there  has 
'oeen   an  observed  increase  of  11*3  percent  in  visits  to  recreational  areas. 
Figure  2  shows  the  projected  increases  in  several  factors  which  the  study 
found  to  be  indicitive  of  recreational  activity,  while  Figure  3  shows  the 
existing  relationship  between  one  of  these  factors  and  recreational  parti- 
cipation (17).  Similar  relationships  exist  for  the  other  factors  and  are 
not  likely  to  change  in  the  future. 

*  Numbers  in  parentheses  refer  to  listings  in  the  list  of  references. 
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The  projections  in  Figure  2   have  been  made  for  the  years  197^  and 
2000.  Regardless  of  which  factor  is  chosen  as  a  measure  of  the  amount  of 
recreational  travel,  an  increase  in  recreational  activity  is  predicted 
for  the  future.   Ignoring  all  other  factors,  the  increase  in  population 
alone  will  double  the  demand  for  recreation  by  the  year  2000,  but  when 
coupled  vith  the  other  factors,  the  anticipated  demand  will  triple. 

The  results  of  the  study  also  indicate  that  the  bulk  of  the  recrea- 
tional demand  will  have  to  be  satisfied  on  the  weekend  and  therefore  that 
the  weekend  recreation  trip  will  be  the  critical  concern  in  the  future. 
This  will  be  even  more  critical  in  the  midwest  since  the  results  of  the 
study  indicate  that  39  percent  of  the  weekend  recreation  trips  made  in  the 
United  States  occur  in  this  area.  This  fact  is  indicated  in  Figure  k   (1U). 

History  and  Past  Usage  of  the  Gravity  Model 

Many  concepts  have  been  developed  which  attempt  to  explain  or  predict 
human  behavior  and  human  interaction.  One  of  the  most  frequently  used 
concepts  has  been  the  gravity  model  which  postulates  "that  an  attracting 
force  of  interaction  between  two  areas  of  human  activity  is  created  by  the 
population  masses  of  the  two  areas  and  friction  caused  by  the  intervening 
space  over  which  the  interaction  must  take  place.   TMs  interaction  between 
two  centers  of  population  concentration  varies  directly  with  some  function 
of  the  population  size  of  the  two  centers  and  inversely  with  some  function 
of  the  distance  between  them"  (l). 

The  gravity  concept  has  been  in  use  for  approximately  one  hundred 
and  fifty  years  and  has  survived  a  history  of  varied  applications  and  evolu- 
tionary changes.  One  of  the  earliest  applications  was  made  by  H.  G.  Carey 
durir.g  the  early  part  of  the  19th  century  at  which  time  he  observed  the 
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presence  of  a  gravitational  similarity  between  social  and  physical  pheno- 
mena. However,  it  wasn't  until  many  years  later,  in  1885,  that  the  next 
application  was  made  by  E.  G.  Ravenstein  in  his  attempt  to  explain  migra- 
tion towards  cities.  This  was  followed  by  another  period  of  non-use  until 
the  1920' s  when  E.  C.  Young  again  used  the  concept  in  his  new  explanation 
of  migration.  In  1929,  one  of  the  most  important  applications  was  made 
by  W.  J.  Rielly  in  postulating  his  "Law  of  Retail  Gravitation"  (9).  In 
this  work  he  determined  that  the  ability  of  one  area  to  attract  retail 
trade  from  another  was  a  function  of  both  its  size  and  the  square  of  the 
intervening  distance.  This  application  has  long  been  noted  as  the  fore- 
runner of  our  present  day  applications  of  gravity  models  in  traffic  predic- 
tion although  the  original  form  has  been  greatly  modified  in  our  present 
usage.  Also  in  1930,  H.  N.  Pallin,  a  Swedish  investigator,  published  a 
paper  in  which  he  stated  that  the  ability  of  communities  to  attract  trips 
was  a  function  of  the  law  of  gravitation  (13). 

At  this  point  in  its  history,  the  usage  of  the  gravity  concept  flourished 
in  many  disciplines,  numerous  sociological  applications  were  made  through- 
out the  1930' s  and  19h0's  by  many  noted  regional  analysts  and  urban  geo- 
graphers such  as  J.  Q.  Stewart  and  G.  K.  Zipf.  Also,  during  this  period, 
many  of  the  evolutionary  innovations  which  are  now  used  in  its  application 
to  traffic  prediction  were  first  questioned  and  studied.  Extensive  work 
was  done  on  the  modification  of  the  distance  factor  by  such  people  as 
J.  D.  Carroll,  D.  0.  Price,  F.  C.  IklS,  and  T.  R.  Anderson  and  on  the 
modification  of  the  population  factors  by  such  people  as  TJ.  I  sard  and 
G.  Freutels.  One  of  the  most  influential  contributions  resulting  from 
these  numerous  individual  studies  came  in  1955»  when  Alan  Voorhees  presented 
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his  form  of  the  gravity  model  in  his  paper  "A  General  Theory  of  Traffic 
Movement"  (7). 

In  this  paper  Voorhees  presented  the  concept  that  the  form  of  the 
gravity  model  was  a  function  of  the  type  of  trip  in  question,  that  is  to 
say,  that  the  distance  factor  and  the  measures  of  the  attracting  and 
generating  ability  of  an  area  were  unique  for  each  type  of  trip  in  question. 
The  hypothesis  \ms   first  tested  by  the  application  of  the  theory  to  shop- 
ping trips  -  both  for  convenience  and  shopping  purposes.  In  each  case 
the  measures  chosen  resulted  in  a  model  which  proved  to  closely  approxi- 
mate the  observed  data.  The  success  of  this  study  prompted  its  applica- 
tion to  work  trips  which  again  showed  the  validity  of  the  theory.  Next, 
an  attempt  was  made  to  apply  the  concept  to  social-recreation  trips.  The 
application  was  successful  for  social  trips,  but  it  was  impossible  to 
complete  the  research  on  the  recreational  trips  because  of  the  lack  of 
background  information. 

This  was  nearly  ten  years  ago.  To  date  extensive  work  has  been  done 
in  refining  the  applications  of  these  models  to  all  types  of  trips,  but 
the  research  on  the  recreational  travel  "has  yet  to  be  completed." 

Purpose  and  Scope 

This  research  was  concerned  with  the  determination  of  a  gravity  model 
for  the  prediction  of  weekend  recreational  trips.  However,  before  any 
work  can  be  done  with  a  model  of  this  type,  the  expression  must  be  clearly 
and  precisely  defined  for  the  specific  type  of  trip.  It  was,  therefore, 
the  ultimate  purpose  of  the  study  to  define  for  a  recreational  trip,  the 
areas  of  origin  and  destination,  the  variables  to  represent  the  parameters 
of  the  model  and  then  to  determine  the  required  constants.  Having  determined 
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the  model,  a  statistical  analysis  was  made  on  the  comparison  of  observed 
and  calculated  trips  to  check  the  ability  of  the  model  to  predict  weekend 
recreational  trips. 

By  definition,  a  trip  of  any  specified  length  must  represent  a  spacial 
movement  between  two  areas  -  one  serving  as  the  origin  and  the  other  as 
the  destination  of  the  trip.  Therefore,  the  initial  decision  in  this 
study  was  to  choose  an  area  of  origin  and  an  area  of  destination  for  the 
recreational  trip.  There  are  many  different  type3  of  recreational  trips 
made  every  week,  each  with  varying  destinations;  however,  in  general,  the 

recreational  trip  will  begin  at  the  hone.  For  ease  of  data  collection, 

i 

the  origin  of  the  recreational  trips  was  defined  as  the  county. 

Since  there  has  been  very  little  previous  work  done  in  this  area,  the 
choice  of  destination  for  the  recreational  trip  was  unrestricted.  The 
choice  of  state  parks  was  based  on  the  availability  and  ease  of  data 
collection  and  the  importance  of  this  type  of  recreational  trip  in  the 
immediate  and  long-range  future.  Also,  it  is  possible  that  the  model 
defined  for  this  type  of  trip  will  be  applicable  to  trips  terminating  at 
recreational  areas  constructed  in  conjunction  with  water  resource  projects. 
This  type  of  facility  provides  one  of  the  greatest  potential  areas  for 
recreational  development. 

At  present,  there  are  twenty  state  parks  in  the  system  located  through- 
out the  State.  See  Figure  5.  A  description  of  these  areas  is  found  in 
Appendix  C. 
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A.  BASS  LAKE 

B.  BROWN  COUNTY 
C    CHAIN  0'  LAKES 
D  .  CLIFTY  FALLS 

E.  INDIANA   DUNES 

F.  KANKAKEE    RIVER 

G.  LEIBER 
H.   LINCOLN 

I.   McCORMACK'S  CREEK 
J  .   MOUNDS 
K     POKAGON 
L  .   RACCOON  LAKE 
M.   SCALES   LAKE 
N.    SHADES 
0.    SHAKAMAK 
P.    SPRING  MILL 
Q.   TIPPECANOE  RIVER 
R.    TURKEY  RUN 
S.    VERSAILLES 
T.    WHITEWATER 


FIG.  5:     LOCATION  OF  INDIANA  STATE  PARKS 
AND   RECREATIONAL  AREAS 
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Form  of  the  Gravity  Model  Used 

The  gravity  model  used  in  this  xi'ork  is  stated  in  its  simplest  form. 

It  returns  to  the  basic  statement  of  the  Newtonian  gravitational  concept 

and  may  be  stated  as  f ollows : 

The  number  of  recreational  trip3  generated  by  one  area  and 
attracted  to  another  is  directly  proportional  to  the  product 
of  the  total  trips  attracted  to  the  recreational  area  and  the 
total  recreational  trips  generated  from  the  residential  area 
and  is  inversely  proportional  to  some  power  of  the  distance 
between  the  two. 

In  mathematical  form,  this  statement  can  be  xrcitten  as 


T..«oc^-Ii 

1J    (D.  .)X 


The  above  proportion  can  be  converted  to  equational  form  by  the  multipli- 
cation by  a  computational  constant  and  therefore  the  computational  equation 
of  the  model  becomes : 


T  '  =  k  Ti  *  TJ 
«      (D..)X 


where : 


T- •  =  the  number  of  automobile  trips  from  residential 
area  j  to  recreational  area  i 

T.  =  the  total  number  of  automobile  trips  attracted  to 
recreational  area  i  from  all  residential  areas 

T-  =  a  measure  of  the  relative  ability  of  residential 
area  j  to  generate  automobile  recreational  trips 

Dj j  =  the  road  distance  between  residential  area  j  and 
recreational  area  i 

x   =  an  exponent  which  is  determined  for  the  type  of 
recreational  trip  of  concern 

k   =  a  computational  constant 


m 


Users  of  the  model  in  the  above  form,  indicate  that  the  model  tends 
to  either  over  or  underestimate  the  total  number  of . trips  attracted  to  the 
park.  Therefore,  the  model  must  be  adjusted  to  the  required  total  by 
multiplication  of  the  number  of  trips  attracted  from  each  county  by  a 
correction  factor  of  the  form: 


T. 
C.  F.  = 


£*•■ 


where : 

T*T. .  =  the  summation  of  the  calculated  number  of  trips  attracted 
to  recreational  area  i  from  all  of  the  individual 
residential  areas  j 

n   =  the  number  of  counties  represented  at  the  park 

The  need  for  using  the  correction  factor  can  be  eliminated  and  the 

computations  simplified  if  the  model  is  redefined  based  on  the  following 

mathematical  procedures - 


T-  .  T- 
j       (D..)X 


where : 


T- •  =  the  uncorrected  number  of  trips  from  County  j  to  Park  i. 

n 
1±        e  Rj  /2jRj  and  Rj  is  a  measure  of  the  number  of  recrea- 

j=l 
tional  trips  generated  from  County  j 


Therefore 


Ty-C.  F.  (T^') 


where i 


T^j  =  the  corrected  number  of  trips  from  County  j  to  Park  i. 


15 


T. 

•  T 


j-l 


T.           T.  .  T. 
T.  J-  i *   k  -i i 

3-1    (D.  .)X 


Removing  the  constant  terns  from  the  summation 

k  •  Ti  •   T,i  , 


3-1   ^ 


L  (D.,)x 


n 
and  replacing  T.  and  removing    £,    ^ 

2  -J- 

(D..)x 


SKJ 


1J  ii 


the  following  computational  form  of  the  gravity  model  results. 
T   =T  •   (Di-1)X 

ij       i      A   R 

r-;  (d.  .)x 
o=i     iJ 


This  is  the  form  which  is  recommended  for  use. 
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Example  of  a  Gravity  Model  Distribution 

The  gravity  model  is  U3ed  in  the  following  manner.  Assume  that  we  ■ 
have  a  system  as  shown  in  Figure  6  and  we' wish  to  determine  the  number  of 
recreational  trips  which  proposed  Recreational  Area  A  will  attract  from 
Residential  Areas  1,  2,  and  3.  Assume  also  that  we  have  a  gravity  model 
of  the  form 

-A, 


(D  ) 

Tij  =  Ti  '  " 


^0>i/' 


which  has  been  defined  for  this  type  of  travel  and  that  we  know  the  total 
trips  that  will  be  attracted  to  the  recreational  area,  the  total  recrea- 
tional trips  that  each  residential  area  has  the  ability  to  generate,  and 
the  distance  between  the  residential  areas  and  the  recreational  area. 

In  the  given  example,  the  Residential  Areas  1,  2,  and  3  each  have  the 
ability  of  generating  2000,  U000  and  U000  recreational  trips  of  which  a 
total  of  1000  trips  will  be  attracted  to  Recreational  Area  A.  The  distance 
between  Residential  Areas  1,  2,  and  3,  and  the  Recreational  Area  A  are 

100,  150,  and  $0  miles  respectively.  Having  all  the  variables  needed,  the 

R. 
quantity  2 — r  is  computed  for  each  area  and  the  summation  of  the 

individual  values  determined.  Next,  the  proportion  between  the  individual 
and  summed  valued  is  computed  for  each  area  and  multiplied  by  the  total 
number  of  trips  to  be  attracted.  The  resultant  values  are  the  total  number 
of  trips  generated  from  each  residential  area  to  the  recreational  area. 
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R2=4000  trips 


R,  =2000  trips 


VDA|  =100  mi. 


RECREATIONAL 
AREA 


TA  =  1000  trips 


R3=4000  trips 


AREA  1   _2°0p_ 

(ioo)1*' 


2000  .  U2$ 
1  CO 


Al 


1000  x  \»V?.      =     122 
10.26 


AREA  2   _J^000- 


^000  =  1.31 

3055 


T    =  1000  x  1'-}     -  128 
A2  10.26 


AREA  3       —kOOP™ 

(So)1^ 


1*000     =     ?#70  T         =     1000     x     .7.70     =     750 

^20  A3  Io725 


10.26 


1000 


FIG.  6:    EXAMPLE  OF  A  GRAVITY  MODEL  DISTRIBUTION 
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In  our  example,  these  values  are  122,  128,  and  7£0  trips  respectively  for 
Areas  1,  2,  and  3.  This  totals  to  1000  trips,  which  was  the  number  of 
trips  originally  assumed  to  be  attracted  to  the  recreational  area. 
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STUDY  PROCEDURES 

Determination  of  the  Variables 

To  determine  the  constants  for  the  gravity  model,  data  on  the  four 
observable  quantities  had  to  be  determined.  They  were: 

(1)  Ti  -  the  total  number  of  recreational  trips  generated 

from  County  j 

(2)  T.  -  the  total  number  of  trips  attracted  to  Park  i 

(3)  T. .  -  the  total  number  of  trips  to  Park  i  from  County  j 
(1;)  D   -  the  road  distance  between  Park  i  and  County  j 

For  this  purpose  a  field  survey  was  conducted  using  five  of  the  twenty 
parks  in  the  Indiana  State  Park  system.  These  were  Brown  County,  Mounds, 
Shades,  Tippecanoe  River,  and  Turkey  Run.  The  information  required  was 
the  total  number  of  trips  from  each  county  represented  at  the  park.  It 
was,  therefore,  necessary  to  determine  the  origin  of  each  trip  being  made 
to  the  park  during  the  study  period.  Since  only  the  "county"  or  origin 
was  desired,  it  was  decided  that  a  license  plate  study  would  be  best  and 
because  the  Indiana  license  plates  are  prefixed  by  the  county  number,  the 
data  collection  was  made  with  little  disturbance  to  the  flow  of  traffic. 
The  observations  were  made  at  the  gatehouse  while  the  admission  fees  were 
being  collected  and  were  recorded  by  county  of  origin  and  by  hour  of 
arrival. 

The  data  were  collected  for  five  consecutive  weekends  starting  Friday, 
July  12,  1963  and  ending  Sunday,  August  11,  1963-  This  time  of  the  year 
was  chosen  since  it  was  assumed  that  in  general,  peak  weekend  recreational 
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travel  would  occur  during  the  summer  months.  The  observations  were  not 
continuous,  but  were  made  between  the  hours  of  I;:00  to  9:00  PM  on  Fridays, 
8:00  AM  to  8:00  PM  on  Saturdays,  and  8:00  AM  to  6:00  PM  on  Sundays.  These 
hours  were  assumed  to  include  most  of  the  weekend  travel.  Figures  7  and 
8  are  samples  of  the  data  collection  forms.  The  form  in  Figure  7  was  used 
for  trips  originating  from  within  Indiana,  and  the  one  in  Figure  8  was  for 
trips  originating  from  out-of-state. 

The  individual  trips  from  county  to  park  were  tallied,  first  by  hour, 
then  by  day,  and  finally  by  weekend.  These  figures  indicate  the  number 
of  recreational  trips  for  each  county  to  each  of  the  five  parks  for  each 
of  the  five  weekends  observed,  or  the  variable  T-  •  in  the  model.  These 
observed  values  are  presented  in  the  tables  of  Appendix  A. 

The  summation  of  all  the  T-  .'s  for  a  specific  weekend  and  specific 
park  represents  the  total  trips  to  that  park  for  a  weekend  or  the  variable 
T- .  This  approximation  is  reasonable  since  most  of  the  trips  will  arrive 
during  the  selected  time  periods. 

Next,  some  estimate  of  the  number  of  recreational  trips  which  would 
be  generated  by  a  county  was  necessary.  To  date,  no  satisfactory  research 
has  been  done  in  this  area,  but  work  has  been  done  in  the  general  area  of 
social-recreational  trips.  Table  1  shows  the  results  of  eleven  Origin- 
Destination  Studies  (12).  These  values  indicate,  that  en  the  average, 
there  is  one  social-recreational  trip  per  dwelling  unit  per  day.  The 
number  of  dwelling  units  in  each  county  was  determined  from  the  1962  County 
and  City  Data  Book. 

The  last  quantity  required  xvas  D^  .,  which  is  the  road  distance  between 
the  county  and  the  park.  It  has  been  a  recent  practice  to  replace  distance 
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MICHIGAf 

PARK-         Shades 
DATE:    August  I 
TIME 

TRIPS  TO  S 

J-OHIO-KENTUCKY-M 

3      DAY:     Friday 
STATE 

TATE  PARKS 

ISSOURI-ILLINOIS-WI 

WFATHFR:             Cle< 

COLLECTED   BY:  $t 

COUNTY 

SCONSIN 
ir 

OUT-OF-STATE 

lt:00-5:00  PM 

Illinois 

Cook 

Illinois 

Cook 

Illinois 

Champaign 

Illinois 

Cass 

5:00-6:00  PM 





6:00-7:00  PM 

Illinois 

Cook 

Iowa 

7:00-8:00  PM 

Illinois 

Kankakee 

Florida 

Illinois 

Cook 

Illinois 

Cook 

Illinois 

Cook 

Kentucky 

Jefferson 

Illinois 

Cook 

Illinois 

Henry 

8:00-9:00  PM 

Illinois 

Cook 

Illinois 

Ford 

Illinois 

Cook 

Illinois 

Du  Page 

FIGURE  8:    SAMPLE  OF  DATA  COLLECTION  SHEET 
FOR  OUT-OF-STATE  COUNTIES 
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with  travel  tine;  however,  in  this  study  replacement  was  not  deemed  neces- 
sary. In  most  cases  where  this  transfornation  has  been  made,  the  trips 
were  internal  or  interzonal  within  an  urban  area;  however,  most  recreational 
trips,  especially  those  to  a  state  park,  are  external  trips.  In  contrast 
to  an  internal  trip,  the  study  of  external  trips  concerns  travel  on  rural 
roads  which  for  the  most  part  will  allow  a  "free  flowing"  movement.  There- 
fore, the  nature  of  the  rural  trip  is  such  that  on  the  average,  the  total 
travel  time  for  all  trips  of  a  given  length  will  be  nearly  the  same,  and 
the  use  of  total  travel  tine  would  provide  little  additional  accuracy  in 
the  study. 

Having  previously  defined  the  origin  unit  as  the  county,  it  was  assumed 

i 

that  the  center  of  population  for  this  area  would  be  the  county  seat.  This 

was  assumed  valid  since  observations  will  show  that  generally  the  county 
seat  is  actually  located  in  the  geographic  center  of  the  county.  The  road 
distances  were  established  by  a  series  of  links  connecting  each  county 
seat.  The  total  distance  between  each  County  j  and  the  Park  i  was  the 
summation  of  those  links  which  resulted  in  the  shortest  trip.  Figure  9 
shows  the  series  of  distance  links  determined  for  Indiana.   Similar  grids 
were  developed  for  Michigan,  Wisconsin,  Illinois,  Missouri,  Tennessee, 
Kentucky,  and  Ohio. 

Determination  of  Constants 

The  model  constants  xrere  determined  fron  the  collected  data.  In 
order  to  compute  these  values  a  Fortran  IV  Program  was  written  for  the 
IBM  7090.   The  program  was  written  for  two  purposes.  Firstly,  nearly 
UOOO  observations  were  made  in  the  field  -  a  number  too  larsre  to  allow 
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V"  (75)-— ?5~ 
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(S)-^2 (52)- 


^25  \        /*7 
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22M61 


STATE  PARKS 

A.  BROWN  COUNTY 

B.  MOUNDS 

C.  SHADES 

D.  TIPPECANOE  RIVER 

E.  TURKEY  RUN 


FIG.  9:   TRAVEL  DISTANCE  BETWEEN  COUNTY  SEATS  OF  INDIANA 
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a  hand  computation.   Secondly,  the  program  was  written  so  as  to  easily 
facilitate  a  change  in  any  of  the  variables. 

In  essence,  the  program  simulates  the  following  mathematical' proce- 
dures. The  basic  gravity  model  as  previously  stated,  can  be  rewritten  in 
the  form 

T.  .  T. 

where  D..  is  an  observable  variable;  G.  .  is  a  calculated  variable;  and  K 
and  x  are  unknown  constants  to  be  determined.  For  every  observation  of 
Dj[4,  there  is  a  corresponding  value  for  C. ...  VJhen  the  log  of  each  side 
of  the  equation  is  taken,  the  resultant  form  is : 


log  C±.   =  log  K  +  x  log  V±y 


This  is  similar  to  the  general  equation  for  a  straight  line  y  =  A  +  BZ 
where  y,  the  independent  variable,  is  equal  to  log  C.  .;  z  the  dependent 
variable,  is  equal  to  log  D. .;  A,  the  y  -  intercept,  is  equal  to  log  K; 
and  B,  the  slope  of  the  line,  is  equal  to  x. 

Theoretically  then,  a  plot  of  the  values  of  log  C .  .  and  log  D. .  should 
approximate  a  straight  line  with  the  above  equation. 


y  =  log  G 


tj 


z  =  log  D 


1J 
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In  order  to  determine  the  slope  and  the  y  -  intercept  of  the  theore- 
tical line,  a  simple  linear  regression  analysis  was  performed.  Based  on 

this  analysis 

B  -  N(*CT?  -  (IZ)(£Y), 
N(  ZZ2)   ~    (  LZ)2 

N    a  N 

where : 

N  =  total  number  of  observations 


Z=l    Z=l 


*    ny 

I  -  I.    E.  l0S  Cy 

z=i   z=i 


and 

n^  =  number  of  parks  sampled 
n^  -•  =  number  of  counties  a   observed  for  each  park  j 

Returning  to  the  gravity  model,  the  value  x,  which  is  the  exponent  of 
the  gravity  model  is  numerically  equal  to  B;  and  K,  the  computational 
constant  of  the  gravity  model,  is  equal  to  the  antilog  of  A. 
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ADDITIONAL  RESEARCH 

The  previous  sections  have  dealt  with  the  determination  of  the  con- 
stant terms  in  the  gravity  model.  A.s  pointed  out,  these  constants  were 
determined  on  the  basis  of  field  observation  of  the  total  number  Of  trips 
to  the  park.  This  procedure  was  valid  for  determining  the  constants,  but 
for  prediction  purposes  this  procedure  would  be  impossible  since  the  pro- 
posed area  would  not  be  in  existence  at  this  stage.  Therefore,  it  was 
necessary  to  develop  a  method  of  prediction  of  the  total  trips  that  will 
be  attracted  to  a  proposed  recreational  area,  and  to  determine  the  area 
over  which  these  trips  should  be  distributed. 

Prediction  Model  for  Number  of  Trips  to  a  Park 

To  predict  the  number  of  trips  to  the  park,  a  linear  multiple  regres- 
sion model  was  evolved  using  the  characteristics  of  the  area  proposed. 
This  decision  was  based  on  the  feeling  that  the  total  number  of  trips 
attracted  to  a  recreational  area  will  be  some  function  of  its  size,  facili- 
ties, activities  and  adjacent  population. 

The  model  was  evolved  from  the  data  available  for  the  twenty  State 
Parks,  Beaches,  and  Recreational  Areas  in  the  Indiana  State  Park  System. 
The  variables,  forty-eight  in  number,  were  obtained  from  various  charts 
and  reports  supplied  by  the  Indiana  Department  of  Conservation,  Division 
of  State  Parks,  and  were  compared  with  the  total  weekend  trips  to  each  of 
the  corresponding  parks.  This  information  was  obtained  from  "Weekly  Acti- 
vity Reports"  also  made  available  by  the  Division  of  State  Parks.  For  this 


29 


phase  of  the  study  the  weekend  trips  were  assumed  to  be  the  total  of  all 
trips  occurring  on  Friday,  Saturday,  and  Sunday  of  each  week.  The  sampl- 
ing time  was  a  thirteen  week  span  beginning  with  the  weekend  of  June  2, 
.1963  and  ending  with  the  weekend  of  August  25,  1963. 

Because  of  the  magnitude  of  a  linear  multiple  regression  analysis 
using  forty-eight  variables,  the  analysis  was  performed  by  computer.  A 
Weighted  Regression  Analysis  Program  (WRAP)  format  was  chosen.  This  for- 
mat requires  that  the  variables  be  read  into  the  computer  in  order  of  their 

importance.  The  data  were  punched  on  IBM  cards  and  a  first  order  correla- 

i 
tion  between  the  dependent  variable  and  each  of  the  independent  variables 

was  determined.  On  the  basis  of  this  correlation,  the  variables  were 

ordered  and  input  into  the  computer.  Because  of  the  limitations  of  the 

format,  the  regression  analysis  was  performed  on  the  first  nineteen  most 

important  variables  and  resulted  in  the  following  ten  tern  equation  of 

prediction : 

I   =  -  90.36  +  0.61  Xx  -  0.58  X2  +  3.60  X^   +  0.22  X^ 

-  0.65  *£  -  0.26  Xgj  -  0.73  ig-  U3.00  2^  +  21.77  X^ 

+  o.ii  x1Q 

where 

Y  =  Total  weekend  trips  to  a  park 

X-,  =  Number  of  picnic  tables 

Xp  =  Number  of  campsites 

X^  ■  Area  of  the  lake  (in 'hundreds  of  acres) 

Xi  =  Acres  of  the  park  extensively  developed 

X^  ■  Availability  of  a  bath  house  on  premises 

Xp  =  Capacity  of  total  living  facilities  (in  guest-nights) 
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X,2  -  Availability  of  fishing 

X-J7  ■  Location  on  a  river 

Xl8  "  AvailaDili-ty  °2   electricity 

X19  ■  Population  within  60  miles  of  park  (in  thousands) 
The  resultant  equation  using  the  ten  most  significant  variables  had 
a  coefficient  of  correlation  (r)  of  .926,  a  coefficient  of  determination 
(r  )  of  .857  and  a  standard  deviation  of  30.9  trips. 

In  the  determination  of  the  above  model,  many  of  the  forty-eight 
variables  used  in  the  analysis  were  dichotomous  -  either  they  were  avail- 
able at  the  park  or  they  were  not.  The  remainder  of  the  variables  were 
available  in 'a  quantitative  form.  Where  a  dichotomy  appeared,  it  was 
decided  to  assign  the  number  "2"  to  the  variable,  if  it  did  exist  at  the 
park,  and  the  number  "1"  to  the  variable  if  it  did  not  exist.  This  pro- 
cedure results  in  a  valid  form  of  prediction,  but  care  must  be  taken  to 
use  the  same  convention  when  using  the  regression  model  in  the  future. 
Variables  X,-,  X,2»  X,~,  and  X-,g  are  dichotomous  variables. 

Distance  for  Distribution  of  Total  Trips 

The  function  of  the  gravity  model  is  to  distribute  the  predicted  num- 
ber of  attracted  recreational  trips  from  the  park  to  their  counties  of  ori- 
gin. However,  before  a  distribution  can  be  made,  the  sphere  of  influence 
of  a  park,  or  the  distance  over  which  a  recreational  facility  has  the  ability 
to  attract  trips,  must  be  determined.  Having  this  distance,  the  predicted 
recreational  trips  can  then  be  distributed  among  all  the  counties  within 
the  specified  distance.  For  this  purpose  several  curves  were  developed 
based  on  the  data  collected  at  the  five  parks  during  the  field  study.  For 
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each  park,  all  the  counties  represented  were  arranged  numerically  by  in- 
creasing distance  from  the  park  and  the  cumulative  percentage  at  each 
distance  determined.   The  resulting  table  and  curves  show  the  relation 
between  the  cumulative  percentage  of  total  trips  and  the  distance  within 
which  these  trips  occurred.  These  results  are  shown  in  Table  2  and  Figures 
10  through  15. 

It  is  assumed  that  a  small  percentage  of  arrivals  at  state  parks 
come  from  an  impulse  stop  of  a  through  driver  or  a  visitor  on  a  social 
trip  to  a  nearby  friend  or  relative.  It  was  therefore  deemed  sufficient 
to  account  for  only  90  percent  of  the  total  trips.   In  Table  2,  a  distance 
of  zero  for  10,  20,  and  30  percent  of  the  total  trips  indicates  that  30 
percent  of  the  trips  have  originated  from  within  the  county  in  which  the 
park  is  located.  This  infers  that  Mounds  is  more  of  an  attractor  of  local 
trips  than  the  other  four  parks  which  serve  much  larger  areas.  It  caters 
to  a  different  type  of  population  and  therefore  performs  a  different  type 
of  function.  This  lack  of  similarity  eventually  lead  to  the  elimination 
of  Hounds  from  the  analysis  of  the  data,  and  resulted  in  a  better  predict- 
ing model. 

In  view  of  the  above,  it  seems  advisable  to  disregard  the  figure  of 
IJ4.8  miles  as  the  distance  from  which  90  percent  of  the  trips  originate  as 
indicated  in  the  table.  Reevaluation  without  Mounds  show  that  on  the 
average  90  percent  of  the  total  trips  will  occur  from  within  1?2  miles  of 
the  park  and  this  is  the  figure  recommended  for  use1. 
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Distribution  of  .Arrivals 

In  the  way  of  further  analysis  of  the  characteristics  of  recreational 
travel,  a  study  was  performed  on  the  distribution  of  arrivals  at  the  five 
state  parks  to  determine  the  peak  hours  of  arrival.  These  results  are 
presented  in  Table  3  and  Figures  16  through  21.  The  analysis  was  performed 
by  hour,  day,  and  park  so  that  the  peak  hour  could  be  determined  for  each 
of  the  parks  on  each  of  the  three  days  of  the  weekend.  The  ratios  are 
developed  between  hourly  arrival  and  the  total  arrivals  for  that  day. 
Figure  16,  which  shows  average  values  of  the  five  parks,  indicates  that 
the  peak  hour  of  arrival  on  Friday  evening  is  between  7 :00  -  8 :00  PM,  dur- 
ing which  23  percent  of  the  total  Friday  evening  arrivals  occur,  and  that 
the  peak  hour  of  arrival  on  Sunday  is  between  noon  -  1:00  PM,  during  which 
18  percent  of  the  total  Sunday  arrivals  occur.  On  Saturday,  there  does  not 
seem  to  be  one  peak  hour  but  an  almost  constant  rate  of  arrival  between 
the  hours  of  10:00  AM  and  3:00  PM  with  a  slight  decrease  at  1  o'clock. 
During  this  period  57  percent  of  the  trips  occurring  on  Saturday  arrive. 

In  order  to  present  a  clearer  picture  of  the  daily  distribution  of 
arrivals  during  the  weekend,  Table  k   and  Figure  22  are  shown.  In  Figures 
16  through  21  the  arrivals  during  each  hour  were  compared  with  the  total 
arrivals  for  only  that  day  and  not  the  total  arrivals  for  the  weekend.  This 
analysis  shows  the  correct  peaks  for  each  day,  but  distorts  the  overall  im- 
portance of  that  day  when  compared  with  the  entire  weekend.  This  was  done 
to  emphasize  the  peak  hours  on  the  individual  day;  however,  Table  h   and 
Figure  22  remove  this  distortion,  by  comparing  the  arrivals  during  an 
hour  to  the  total  arrivals  during  the  weekend.  This  figure  indicates 
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TIME  OF  DAY 

FRIDAY 

SATURDAY 

SUNDAY 

8  —  9 

1.13 

0.7U 

9  —  10 

1.1*7 

2.98 

10  —  11 

2.87 

7.22 

11—12 

2.85 

10.86 

12—  1 

2.53 

12.57 

1—2 

2.79 

11.11 

2  —  3 

2.85 

9.98 

3  —  4 

2.03 

6.U1 

4  —  5 

1.15 

1.78 

U.30 

5  —  6 

1.38 

1.1;9 

2.22 

6  —  7 

1.57 

1.36 

0.09 

7—8 

1.59 

0.82 

0.05 

8  —  9 

1.17 

0.h9 

0.02 

TABLE  4:    HOURLY  DISTRIBUTION  BY  PERCENT  OF 
TOTAL  WEEKEND  TRIPS  TO  ALL  STATE  PARKS 
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that  1.6  percent  of  the  total  weekend  trips  occur  during  the  Friday  peak 
hour,  llw9  percent  of  the  total  trips  occur  during  the  Saturday  11:00  AM  - 
3:00  PM  peak  period  and  12.6  percent  of  the  total  trips  occur  during  the 
Sunday  peak  hour.  It  also  points  out  the  predominance  of  Sunday  arrivals; 
nearly  70  percent  of  the  total  trips  to  the  park  are  made  on  Sunday. 

Percent  of  Trips  Occurring  on  the  Weekend 

Using  the  information  in  the  "Weekly  Activity  Reports,"  it  was  pos- 
sible to  calculate  the  percent  of  the  total  arrivals  in  a  week  which  occur 
on  the  weekend  for  each  of  the  parks.  This  information  was  available  for 
the  period  beginning  with  the  week  ending  June  2  and  concluding  with  week 
ending  August  2$  and  is  presented  in  Table  5.  Since  the  percent  desired 
was  that  for  an  average  weekend,  the  weekends  ending  June  2,  and  July  7 
were  eliminated  because  of  the  Memorial  Day  and  Fourth  of  July  holidays. 
These  holidays  occurred  during  the  week  and  therefore  caused  an  observable 
decrease  in  the  percent  of  trips  occurring  on  the  weekend  for  these  two 
weeks,  and  as  a  result,  a  large  standard  deviation.  Eliminating  these  two 
weekends,  the  results  of  the  study  indicate  that  the  mean  percentage  of 
trips  occurring  on  a  weekend  is  66. k  percent  with  a  standard  deviation  on 
the  mean  of  .7,  or  there  is  95  percent  confidence,  that  the  mean  value 
lies  between  6U.9  and  67.9  percent. 
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DISCUSSION  OF  RESULTS 

Following  the  procedure  described  in  the  previous  chapters,  the 
gravity  model  constants  were  deternined.  The  resultant  model  stated  in 
its  suggested  computational  form  is 

R. 


Tu  '  Ti  ■ 


,;=l 


where  all  the  terms  are  as  previously  defined. 

Having  obtained  the  gravity  model,  a  second  Fortran  IV  program  was 
written  to  compare  the  distribution  using  the  nodel  with  the  distribution 
observed  in  the  field.   This  program  was  designed  to: 

(1)  compute  the  number  of  trips  from  each  of  the  counties  to 
the  park 

(2)  find  the  average  number  of  trips  per  weekend  for  each  of  the 
counties 

(3)  find  the  difference  between  the  observed  and  calculated  number 
of  trips  for  each  observation 

(U)  compute  'the  root-mean-square  error  and  the  percent  root-mean- 
square  errors. 

Tables  6  through  9  show  the  comparison  between  the  observed  and  calculated 
trips  for  each  of  the  parks  and  Table  10  shows  the  resulting  root-mean- 
square  errors  (RMS  error)  and  the  percent  root-mean-square  errors  (percent 
RMS  error). 
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TABLE  6:  COMPARISON  OF  OBSERVED  AND  CALCULATED  TRIPS 
BROWN  COUNTY 


Obs.   No. 

Obs. 

Est. 

Diff. 

Obs.  No. 

Obs. 

Est. 

Diff. 

1 

2 

1 
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16 
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2 
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5 

it 
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35 
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2 
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36 

27 
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13 
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9 

it 

5 

37 

2 

1 

1 
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i£ 

Uoi 

-356 

38 

3 

1 
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1 

l 
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39 

5 

.       it 
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9 

3 

2 

1 

itO 

6 

6 
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6 

1 

itl 

86 

26 

60 

11 

It 

5 

_]_ 
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12 
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3 

-1 

U3 
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13 

1 

1 

0 

itit 

1 

1 

0 

lit 

3 

3 

0 

16 

20 

12 

8 

IS 

6 
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3 

U6 

it 
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16 
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6 

8 
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17 
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8 
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172 
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20 
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21 
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87 

itl 

23 

1 
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5It 

it 
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2 

2 

0 

^ 

37 
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12 

25 
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0 

% 

1 

1 
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26 

3 

2 

1 

57 

2 

1' 

1 

27 

7 

5 

2 

58 

3 

0 

3 

28 

5 

11 

-6 

S9 

2 

3 

-1 

29 

15 

6 

9 

6o 

3 

6 

-3 

30 

11 

It 

7 

61 

1 

2 

-1 

31 

2 

2 

0 

62 

2 

1 

1 
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TABLE  6:  COMPARISON  OF  OBSERVED  AND  CALCULATED  TRIPS 
BROWN   COUNTY  (CONTINUED) 


Obs,  No. 

Obs. 

Est. 

Diff. 

Obs.  No. 

Obs. 

Est. 

Diff. 

63 

1 

1 

0 

9k 

1 

u 

-3  . 

eu 

2 

2 

0 

9$ 

1 

2 

-1 

65 

2 

1 

1 

96 

1 

3 

-2 

66 

1 

1 

0  - 

91 

19 
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-81 

67 

3 

It 
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98 
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68 
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7U 
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1 
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1 

0 

1 
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2 

1 

1 
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3 
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2 
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0 
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2 
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1 
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0 
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1 

0 

1 

12ii 
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0 
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TABLE  6:  COMPARISON  OF  OBSERVED  AND  CALCULATED  TRIPS 
BROWN   COUNTY  (CONTINUED) 


■■'■j?  , 

Obs. 

Est. 

Diff. 

Obs.  No, 

Obs. 

Est. 

QLff. 

125 

1 

h 

-3 

156 

1 

1 

0 

126 

1 

1 

0 

157 

1 

1 

0 

127 

1 

2 

-1 

158 

1 

1 

0 

128 

1 

3 

-2 

159 

1 

1 

0 

129 

1 

2 

-1 

160 

1 

2 

-1 

130 

2 

6 

-a 

161 

2 

7 

-J 

131 

1 

1 

0 

162 

1 

2 

-1 

132 

1 

0 

1 

163 

2 

1 

1 

133 

1 

0 

1 

16U 

1 

1 

0 

13U 

1 

1 

0 

165 

1 

1 

0 

135 

1 

3 

-2 

166 

2 

3 

-1 

136 

1 

2 

-1 

167 

22 

22 

0 

137 

1 

1 

0 

168 

1 

0 

1 

138 

2 

3 

-1 
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1 

0 

1 
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1 

1 

0 
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2 

2 
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11*0 
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3 
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U£ 
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1U9 
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-11 
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1 

l 

0 
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3 

-2 
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3 

1 

2 

152 
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0 
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1 

0 
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U2 

57 

-15 

181, 

1 

1 

0 

I51t 

1 

l 

0 
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3 

5 

-2 

155 

1 

1 

0 

186 

1 
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-2 
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TABLE  6:  COMPARISON  OF  OBSERVED  AND  CALCULATED  TRIPS 
BROWN   COUNTY  (CONCLUDED) 


Obs.  No, 

Obs. 

Est. 

Diff. 

Obs.  No. 

Cbs. 

Est. 

Diff. 

187 

1 

0 

1 

206 

J— 

1 

1 

0 

188 
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207 

1 

3 

-2 

189 
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-1 

208 

1 

2 

-1 

190 

1 

0 

1 

209 

1 

h 

-3 

191 

1 

2 

-1 

210 

1 
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1 

192 

1 

0 

1 

211 

1 

2 

-1 

193 

1 

1 

0 

212 

1 

7 
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191* 

1 

1 
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213 
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30 

53 

-23 

211i 

2 

30 

-28 

196 

>    1 

0 

1 

215 

1 

1 

0 

197 

3 

8 

-5 

216 

1 

0 

1 

198 

1 

0 

l 

217 

1 

11 

-10 

199 

1 

1 

0 

218 

1 

0 

1 

200 

1 

1 

0 

219 

1 

1 

0 

201 

1 

0 

1 

220 

1 

0 

1 

202 

1 

1 

0 

221 

2 

12 

-10 

203 

1 

0 

1 

20U 

1 

h 

-3 

Totals 

1617 

163U 

205 

1 

0 

1 

• 

62 


TABLE  7.  COMPARISON  OF  OBSERVED  AND  CALCULATED  TRIPS 

SHADES 


Obs.  No. 

Obs. 

Est. 

Diff. 

Obs.   No, 

Obs. 

Est. 

Diff. 

1 

1 

0 

1 

32 

1 

1 

0 

2 

6 

a 

2 

33 

1 

1 

0 

3 

1 

2 

-1 

31 

1 

1 

0 

h 

2 

1 

1 

3? 

1 

0 

1 

5 

1 

0 

1 

36 

3 

2 

1 

6 

lit 

5 

9 

37 

1 

1 

0 

7 

1 

0 

1 

38 

1 

1 

0 

8 

3 

2 

1 

39 

1 

0 

1 

9 

1 

2 

-1 

Uo 

6 

11 

-5 

10 

1 

1 

0 

hi 

2 

2 

0 

11 

3 

3 

0 

te 

1 

1 

0 

12 

6 

li 

2 

U3 

9 

6 

3 

13 

1 

1 

0 

bh 

80 

58 

22 

lit 

1 

0 

1 

16 

1 

1 

0 

15 

1 

1 

0 

U6 

1 

0 

1 

16 

1 

0 

1 

hi 

1 

1 

0 

17 

3 

2 

1 

U8 

3 

2 

1 

18 

2 

2 

0 

1*9 

la 

32 

9 

19 

18 

5 

13 

5o 

2 

2 

0 

20 

1 

0 

1 

51 

2 

1 

1 

21 

1 

1 

0 

52 

1 

1 

0 

22 

1 

1 

0 

53 

5 

5 

0 

23 

1 

2 

-1 

5U 

l 

0 

1 

2k 

1 

1 

0 

.55 

2 

l 

1 

2? 

8 

3 

5 

56 

1 

l 

0 

26 

2 

1 

1 

57 

5 

3 

2 

27 

1 

0 

1 

58 

l 

0 

1 

28 

13 

5 

8 

$9 

l 

l 

0 

29 

2 

2 

0 

60 

h 

U 

0 

30 

5 

3 

2 

61 

2 

l 

1 

31 

1 

1 

0 

62 

1 

0 

1 

63 


TABLE  7:  COMPARISON  OF  OBSERVED  AND  CALCULATED  TRIPS 
SHADES  (CONTINUED) 


Obs.  No. 

Obs. 

Est. 

Diff. 

Obs.  No, 

Obs. 

Est. 

Diff. 

63 

1 

1 

0 

91* 

1 

2 

-1 

6U 

1 

1 

0 

9^ 

1 

2 

-1 

65 

1 

0 

1 

96 

1 

3 

-2 

66 

30 

12 

18 

97 

1 

2 

-1 

67 

1 

1 

0 

98 

i 

3 

-2 

68 

1 

0 

1 

99 

i 

1 

0 

69 

1 

2 

-1 

100 

i 

0 

1 

70 

8 

3 

5 

101 

i 

1 

0 

71 

10 

11 

-l 

102 

i 

1 

0 

72 

1 

1 

0 

103 

i 

2 

-1 

73 

2 

0 

2 

10li 

i 

1 

0 

71* 

1 

0 

1 

105 

i 

2 

-1 

75 

1 

2 

-1 

io6 

20 

11* 

6 

76 

1 

0 

1 

107 

1 

3 

-2 

77 

2 

2 

0 

108 

1 

2 

-1 

78 

1 

0 

1 

109 

1 

1 

0 

79 

1 

0 

1 

110 

1 

6 

-5 

80 

1 

0 

1 

111 

1 

6 

-5 

81 

9 

6 

3 

112 

1 

1 

0 

82 

1 

1 

0 

113 

1 

13 

-12 

83 

1 

2 

-1 

111* 

1 

0 

1 

8k 

7 

82 

-75 

115 

1 

0 

1 

85 

1 

1 

0 

116 

1 

1 

0 

86 

1 

0 

l 

117 

1 

7 

-6 

87 

'  1 

0 

l 

118 

1 

1 

0 

88 

1 

1 

0 

119 

1 

1 

0 

89 

2 

1* 

-2 

120 

1 

1 

0 

90 

2 

2 

0 

121 

1  ' 

2 

-1 

91 

1 

1 

0 

122 

1 

1 

0 

92 

1 

1 

0 

123 

1 

1 

0 

93 

2 

1 

1 

121* 

1 

1 

0 

6U 


TABLE  7:  COMPARISON  OF  OBSERVED  AND  CALCULATED  TRIPS 
SHADES  (CONCLUDED) 


3bs.  No. 
125 
126 
127 
128 
129 
130 
131 
132 

Totals 


Obs. 
1 
1 
1 
1 
1 
1 
1 
1 

UUo 


Est. 
1 
12 
1 
7 
0 

1 
1 

6 


Diff. 
0 
-11 
0 
-6 
1 
0 
0 

-5 


Obs.  No,  Obs 


Est. 


Diff. 


65 


TABLE  8:  COMPARISON  OF  OBSERVED  AND  CALCULATED  TRIPS 
TIPPECANOE  RIVER 


Obs.  No. 

Obs. 

Est. 

Diff. 

Obs.  No. 

Obs.' 

Est. 

Diff. 

1 

1 

0 

1 

32 

53 

2!t 

29 

2 

13 

6 

7 

33 

22 

12 

10 

3 

2 

1 

1 

3U 

1 

0 

1 

It 

1 

0 

1 

35 

5 

3 

2 

5 

1 

0 

1 

36 

18 

15 

3 

6 

2 

1 

1 

37 

18 

6 

12 

7 

3 

2 

1 

38 

5 

3 

2 

8 

15 

7 

8 

39 

1 

1 

0 

9% 

1 

0 

1 

1*0 

1 

1 

0 

10 

It 

2 

2 

111 

1 

1 

0 

11 

2 

1 

1 

1*2 

2 

1 

1 

12 

3 

2 

1 

U3 

5 

1 

it 

13 

26 

5 

21 

aii 

l 

0 

1 

lit 

1 

0 

1 

lt5 

l 

0 

1 

15 

1 

0 

1 

U6 

1 

0 

1 

16 

1U 

It 

10 

lt7 

8 

5 

3 

17 

u 

3 

1 

U8 

15 

3U 

-19 

13 

2 

0 

2 

h9 

l 

0 

1 

19 

2 

1 

1 

50 

lit 

17 

-3 

20 

1 

1 

0 

51 

l 

1 

0 

21 

1 

0 

1 

52 

8 

20 

-12 

22 

2 

1 

1 

53 

1 

0 

1 

23 

1 

1 

0 

51i 

5 

It 

1 

2U 

19 

5 

lit 

55 

l 

1 

0 

2? 

2 

l 

1 

56 

l 

1 

0 

26 

2 

2 

0 

57 

1 

2 

-1 

27 

'     1 

1 

0 

58 

2 

2 

0 

28 

1 

0 

1 

$9 

1 

1 

0 

29 

1 

1 

0 

60 

It 

3 

1 

30 

9 

h 

5 

61 

It 

1 

3 

31 

1 

0 

l 

62 

1 

0 

1 

66 


TABLE  8:  COMPARISON  OF  OBSERVED  AND  CALCULATED  TRIPS 
.TIPPECANOE  RIVER(CONCLUDED) 


Obs.  No, 

Obs. 

Est. 

Diff. 

Obs.  No, 

Obs. 

Est. 

Diff. 

63 

1 

1   , 

0 

9h 

1 

2 

-1 

61 

35 

118 

-83 

95 

1 

1 

0 

65 

1 

0 

1 

96 

1 

6 

-5 

66 

2 

5 

-3 

97 

1 

1 

0 

67 

1 

0 

1 

98 

1 

h 

-3 

68 

1 

l 

0 

99 

1 

0 

1 

69 

1 

3 

-2 

100 

1 

5 

-k 

70 

2 

2 

0 

101 

1 

0 

1 

71 

1 

h 

-3 

102 

1 

0 

1 

72 

1 

2 

-1 

103 

1 

2 

-1 

73 

1 

1 

0 

lOli 

1 

0 

1 

7U 

1 

1 

0 

105 

1 

0 

1 

75 

1 

1 

0 

106 

1 

1 

0 

76 

1 

0 

1 

107 

1 

1 

0 

77 

1 

0 

1 

108 

1 

7 

-6 

78 

1 

1 

0 

109 

1 

2 

-1 

79 

1 

1 

0 

110 

1 

2 

-1 

80 

1 

1 

0 

111 

1 

2 

-1 

81 

1 

2 

-1 

112 

1 

3 

-2 

82 

3 

h 

-1 

113 

1  ' 

h 

-3 

83 

1 

0 

1 

Hh 

1 

2 

-1 

8U 

1 

2 

-1 

115 

1 

1 

0 

85 

1 

3 

-2 

116 

1 

1 

0 

86 

1 

0 

1 

117 

1 

.   13 

-12 

87 

1 

1 

0 

88 

1 

8 

-7 

Totals 

U35 

U37 

89 

1 

1 

0 

90 

1 

0 

1 

91 

1 

1 

0 

92 

1 

1 

0 

93 

1 

0 

1 

67 


TABLE  9:  COMPARISON  OF  OBSERVED  AND  CALCULATED  TRIPS 

TURKEY  RUN 


Obs.  No. 

Obs. 

Est. 

Diff. 

Obs.  No< 

Obs. 

Est. 

Diff. 

1 

3 

1 

2 

32 

15 

6 

9 

2 

8 

8 

0 

33 

5 

2 

3 

3 

3 

3 

0 

3k 

1 

2 

-1 

k 

9 

2 

7 

35 

3 

2 

1 

5 

2 

1 

1 

36 

3 

1 

2 

6 

2h 

8 

16 

37 

1 

1 

0 

7 

1 

1 

0 

38 

1 

1 

0 

8 

6 

3 

3 

39 

1    7 

k 

3 

9 

5 

h 

1 

UO 

6 

h 

2 

10 

1 

2 

-1 

ill 

It 

3 

1 

11 

13 

13 

0 

h2 

1 

1 

0 

12 

16 

6 

10 

U3 

51 

27 

2h 

13 

2 

2 

0 

uu 

8 

It 

U 

12* 

1 

1 

-0 

li5 

2 

3 

-1 

15 

1 

1 

0 

1*6 

26 

11 

15 

16 

1 

1 

0 

li7 

1U5 

102 

U3 

17 

9 

7 

2 

U8 

5 

2 

3 

18 

1 

1 

0 

U9 

l 

1 

0 

19 

u 

h 

0 

50 

3 

3 

0 

20 

1 

1 

0 

51 

a 

6 

-2 

21 

1 

2 

-1 

52 

..     la 

27 

lit 

22 

27 

16 

11 

53 

9 

It 

5 

23 

3 

1 

2 

5U 

5 

2 

3 

2li 

u 

2 

2 

55 

2 

1 

1 

25 

9 

■5 

it 

56 

1 

0 

1 

26 

h 

3 

1 

57 

1 

1 

0 

27 

16 

5 

11 

58 

3 

2 

1 

28 

It 

3 

1 

^9 

U9 

8U 

-35 

29 

1 

1 

0 

60 

1 

1 

0 

30 

22 

9 

13 

61 

1 

1 

0 

31 

7 

3 

li 

62 

6 

3 

3 

68 


TABLE  9:  COMPARISON  OF  OBSERVED  AND  CALCULATED  TRIPS 
TURKEY  RUN(CONTINUED) 


Obs,  No, 

Obs. 

Est. 

Diff. 

Obs,  No. 

Obs. 

Est. 

Diff. 

63 

1 

1 

0 

9k 

36 

19 

17 

6U 

•2 

1 

1 

95 

3 

2 

1 

6? 

11 

10 

1 

96 

k 

5 

-1 

66 

2 

1 

1 

97 

l 

l 

0 

"67 

2 

1 

1 

98 

l 

l 

0 

68 

1 

1 

0 

99 

7 

7 

0 

69 

12 

9 

3 

100 

71* 

187 

-113 

70 

1 

1 

0 

101 

2 

3 

-1 

71 

3 

3 

0 

102 

1 

1 

0 

72 

1 

1 

0 

103 

1 

1 

0 

.73 

2 

1 

1 

ioU 

1 

1 

0 

7h 

1 

1 

0 

105 

17 

3 

Ik 

75 

5 

h 

1 

106 

8 

9 

-1 

76 

1 

0 

1 

107 

17 

10 

7 

77 

53 

19 

3k 

108 

2 

2 

0 

78 

It 

2 

2 

109 

1 

1 

0 

19 

1 

0 

1 

110 

3 

2 

1 

80 

8 

7 

1 

111 

1 

2 

-1 

81 

17 

18 

-1 

112 

1 

0 

1 

82 

60 

55 

5 

113 

1 

0 

1 

83 

2 

2 

0 

nil 

1 

1 

0 

8U 

5 

5 

0 

ii5 

k 

k 

0 

85 

■1   l 

l 

0 

116 

1 

0 

1 

86 

1 

l 

0 

117 

1 

2 

-1 

87 

■,  3 

3 

0 

118 

3 

6 

-3 

88 

2 

1 

1 

119 

5 

5 

0 

89 

'  6 

3 

3 

120 

7 

7 

0 

90 

•  1 

1 

0 

121 

1 

3 

-2 

91 

1 

1 

0 

122 

3 

2 

1 

92 

1 

0 

1 

123 

1 

1 

0 

93 

1 

0 

1 

12U 

2 

2 

0 

69 


TABLE  9:  COMPARISON  OF  OBSERVED  AND  CALCULATED  TRIPS 
TURKEY  RUN  (CONTINUED) 


Obs.  No. 

Obs. 

Est. 

Diff. 

Obs.  No. 

Obs. 

Est. 

Diff. 

125 

1 

2 

-1 

156 

2 

26 

-21* 

126 

1 

2 

-1 

157 

1 

1 

0 

127 

7 

6 

1 

158 

1 

0 

1 

128 

11 

9 

2 

159 

1 

1 

0 

129 

1 

2 

-1 

160 

1 

1 

0 

130 

1 

7 

-6 

161 

1 

1 

0 

131 

1 

2 

-1 

162 

1 

2 

-1 

132 

1 

0 

1 

163 

1 

7 

-6 

133 

1 

1 

0 

161* 

1 

1 

0 

13i» 

1 

1 

0 

165 

1 

1 

0 

135 

1 

1 

0 

166 

1 

2 

-1 

136 

5 

1 

1* 

167 

2 

16 

-111 

137 

2 

8 

-6 

168 

1 

0 

1 

138 

2 

2 

0 

169 

1 

1 

0 

139 

1 

0 

1 

170 

1 

1 

0 

11*0 

1 

1 

0 

171 

1 

1 

0 

iia 

1 

3 

-2 

172 

1 

1 

0 

12|2 

2 

7 

-5 

173 

1 

1 

0 

11*3 

it 

7 

-3 

17U 

1 

3 

-2 

Ihh 

1 

2 

-1 

175 

1 

5 

-h 

11*5 

2 

1* 

-2 

176 

1 

2 

-1 

12*6 

70 

53 

17 

177 

1 

2 

-1 

11*7 

1 

1 

0 

178 

1 

0 

1 

11*8 

5 

8 

-3 

179 

1 

2 

-1 

1U9 

1 

•  h 

-3 

180 

1 

0 

1 

150 

l 

2 

-1 

181 

2 

5 

-3 

151 

l 

0 

1 

182 

1 

1 

0 

152 

l 

6 

-5 

183 

1 

2' 

-1 

153 

l 

2 

-1 

181* 

1 

1 

0 

151* 

2 

12 

-10 

185 

1 

0 

1 

155 

1 

2 

-l 

186 

1 

3 

-2 

70 


TABLE  9:  COMPARISON  OF  OBSERVED  AND  CALCULATED  TRIPS 
TURKEY  RUN  (CONCLUDED) 


Obs.  No. 

Obs. 

Est. 

Diff. 

Obs.  No. 

Obs. 

Est. 

Diff. 

187 

1 

2 

-1 

207 

1 

0 

1 

188 

1 

3 

-2 

208 

1 

3 

-2 

139 

1 

6 

-5 

209 

1 

1 

0 

190 

1 

h 

-3 

210 

1 

0 

1 

191 

1 

0 

1 

211 

1 

0 

1 

192 

1 

7 

-6 

212 

1 

1 

0 

193 

1 

0 

1 

213 

1 

0 

1 

19U 

V 

2 

-1 

21U 

1 

3 

-2 

195 

1 

1 

0 

215 

1 

1 

0 

196 

1 

1 

0 

216 

1 

2 

-1 

197 

1 

0 

1 

217 

2 

17 

-15 

c198 

1 

2 

-1 

218 

1 

0 

l 

199 

1 

29 

-28 

219 

1 

3 

-2 

200 

1 

0 

1 

220 

1 

0 

1 

201 

1 

0 

1 

221 

1 

1 

0 

202 

1 

1 

0 

222 

1 

1 

0 

203 

1 

2 

-1 

223 

3 

16 

-13 

20U 

1 

2 

-1 

205 

1 

1 

0 

Totals 

1250 

1251 

206 

2 

18 

-16 

• 

71 


TABLE  10:  DETERMINATION  OF  RMS  AND  PERCENT 

RMS  ERRORS 


BROWN  COUNTY 

'      CLASS 

FREQUENCY 

OBSERVED 

CALCULATED 

RMS   ERROR 

PERCENT 
RMS  ERROR 

1  — 9 

196 

365 

U77 

9.5 

212 

10 — 24 

15 

•  216 

239 

21.7 

128 

25  —  49 

6 

208 

560 

U16.I 

395 

50 74 

_ 

_ 

_ 

_ 

• 

75 —  99 

1 

86 

26 

60.0 

69 

100 199 

1 

128 

67 

1*1.1 

27 

200  —  299 

1 

202 

73 

128.9 

52 

300 399 

_ 

_ 

_ 

_ 

_ 

400  —  499 

1 

1*12 

172 

2U0.0 

53 

TOTAL 

221 

1617 

163U 

31.3 

2U6 

SHADES 

CLASS 

FREQUENCY 

OBSERVED 

CALCULATED 

RMS    ERROR 

PERCENT 
RMS  ERROR 

1  —  9 

12U 

21U 

303 

7.1 

157 

10 —  24 

5 

75 

UO 

8.1* 

.     k? 

25  —  49 

2 

71 

40* 

111.  2 

35 

50 —  74 

_ 

_ 

_ 

_ 

_ 

75  —  99 

1 

80 

KR 

??.? 

9< 

100 —  199 

200  —  299 

300 —  399 

400 —  499 

TOTAL 

132 

Uho 

kh$ 

7.5 

lUi 

72 


TABLE  10:  DETERMINATION  OF  RMS  AND  PERCENT 
RMS  ERRORS  (CONCLUDED) 


TIPPECANOE  RIVER 

CLASS 

FREQUENCY 

OBSERVED 

CALCULATED 

RMS    ERROR 

PERCENT 
RMS  ERROR 

1  — 9 

105 

173 

181* 

2.1* 

53 

10  —  24 

9 

1U5 

106 

10.7 

63 

25  —  49 

2 

61 

123 

60.6 

16U 

50  —  74 

1 

53 

21* 

29.2 

U7 

75  —  99 

_ 

_ 

_ 

_ 

_ 

100 —  199 

200  —  299 

300  —  399 

400 499 

TOTAL 

117 

1*35 

U37 

9.2 

155 

TURKEY  RUN 

CLASS 

FREQUENCY 

OBSERVED 

CALCULATED 

RMS    ERROR 

PERCENT 
RMS   ERROR 

1  —  9 

200 

U27 

5U7 

3.8 

85 

10  —  24 

12 

191 

106 

9.1 

25  —  49 

5 

17? 

157 

20.3 

55 

50—  74 

5 

306 

31*1 

51*.  U 

88 

75  —  99 

- 

_ 

_ 

_ 

_ 

100 —    199 

l 

11*5 

102 

1*3.1 

29 

200—  299 

300—  399 

400 —  499 

TOTAL 

223 

1250 

1251* 

10.1 

111 

73 


In  this  type  of  work,  the  most  significant  statistical  value  which 
will  express  the  ability  of  the  model  to  distribute  trips  is  the  root- 
mean-square  error.  This  value  is  computed  in  the  following  manner: 


RMS  error  =  \l     (Observed  trips  -  Calculated  trips )^ 
V  Number  of  Counties  in  the  Distribution 

and  indicates  the  limits  within  which  2/3' s  of  the  deviations  between 
observed  and  calculated  values  will  fall.  Restated,  2/3' s  of  the  time, 
the  estimated  number  of  trips  can  be  expected  to  fall  within  one  RMS  error 
of  the  actual  value,  assuming  that  the  trips  are  normally  distributed. 
Another  term,  which  perhaps  explains  the  significance  in  a  manner 
which  is  more  easily  understood,  is  the  relative  error  or  the  percent  RMS 
error.  This  value  is  defined  as  follows: 


Percent  RMS  error  =  100  x  RMS  error 

Average  Number  of  Trips  per  County. 


The  comparisons  of  the  observed  and  calculated  trips  in  this  study, 
yield  the  following  RMS  errors: 


Park 

RMS  Error 

Percent  Rffi 

Brown  County 

31.3 

2U6 

Shades 

7.5 

llU 

Tippecanoe  River 

9.2 

155 

Turkey  Run 

10.1 

111 

At  first  glance,  these  results  would  indicate  that  this  method  of  distribu- 
tion was  not  successful j  however,  a  closer  examination  of  both  the  manner 
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in  which  the  comparison  was  made  and  the  significance  of  the  errors  would 
be  necessary  before  the  study  can  be  fully  evaluated. 

A  detailed  review  will  reveal  that  a  large  percentage  of  the  error 
can  be  accounted  for  by  errors  in- just  a  few  of  the  many  counties  within 
the  distribution.   The  largest  errors  seen  to  fall  into  two  main  categor- 
ies.  The  first  error  type  appears  in  those  counties  which  contain  approxi- 
mately 20  percent  of  the  total  population  (dwelling  units)  within  the  area 
of  distribution.   These  are  observations  such  as  county  Bk,    in  the  distri- 
bution from  Shades,  which  contain  23.9  percent  of  the  total  population  and 
resulted  in  an  overcalculation  of  73  trips;  or  county  100,  in  the  distribu- 
tion from  Turkey  Run,  which  contained  18.7  percent  of  the  total  population 
and  resulted  in  an  overcalculation  of  113  trips.   This  was  found  to  be 
true  in  many  other  instances  where  although  the  county  contained  less  than 
18  percent  of  the  total,  it  still  had  a  substantial  portion  of  the  total 
population.   Consequently,  the  errors  incurred  were  smaller  than  in  those 
cases  previously  stated,  but  were  still  observably  larger  than  the  random 
error  anticipated. 

The  second  type  of  error  appears  in  those  counties  which  are  within 
approximately  ten  miles  of  the  park.  In  all  cases  where  this  existed,  a 
substantial  overestimation  occurred.   County  7,  in  the  distribution  from 
Brown  County  State  Park  was  such  an  occurrence.   This  county,  located 
2  miles  from  the  Park  was  overcalculated  by  356  trips. 

The  significance  of  these  errors  is  easily  pointed  out.   These  two 
types  of  errors  accounted  for  five  of  the  seven  observations  in  which 
errors  of  over  80  trips  occurred.  Of  these  five  errors,  the  two  in  Brown 
County  accounted  for  33.2  percent  of  the  error;  the  one  in  Shades  accounted 
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for  27.3  percent  of  the  total  error;  the  one  in  Tippecanoe  River  accounted 
for  23.1  percent  of  the  total  error;  and  the  one  in  Turkey  Run  accounted 
for  15.0  percent  of  its  error.  Furthermore,  if  these  five  errors  could  be 
eliminated  through  some  adjustment,  the  RMS  error  and  percent  RMS  error 
would  decrease  to  the  following  values. 


Park 

RMS 

Error 

Percent  RM: 

Brown  County- 

21.6 

170 

Shades 

3.7 

56 

Tippecanoe  River 

5.o 

85 

Turkey  Run 

6.7 

7U 

An  explanation  of  these  errors  is  open  to  speculation.  The  first, 
may  be  due  to  the  fact  that  the  larger  areas  are  subjected  to  a  greater 
inter-park  competition  -  an  influence,  which  is  not  accounted  for  in  the 
general  model.  Also,  the  use  of  dwelling  units  as  the  measure  of  the 
county's  recreational  trip  generating  ability  does  not  reflect  the  compe- 
tition in  the  larger  urban  area.  It  is  generally  recognized  that  a  need 
exists  for  additional  work  in  the  field  of  recreational  trip  generation  by 
a  county.  The  second  error  is  even  more  difficult  to  explain.   Possibly 
in  a  rural  setting  the  people  immediately  adjacent  to  the  park  are  not 
attracted  by  those  features  which  are  sc  similar  to  their  own  properties. 

Regardless  of  the  reason  for  these  errors,  a  method  must  be  devised 
to  eliminate  them.   The  correction  can  probably  be  made  by  the  application 
of  an  average  park-to-county  adjustment  factor.   This  method  has  been 
suggested  by  the  Bureau  of  Public  Roads,  in  their  publication  Calibrating 
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and  Testing  a  Gravity  Model  for  any  Size  Urban  Area,  (pages  IV-ii8  thru 
IV-53).  They  suggest  the  use  of  this  factor  to  represent  those  social  and 
economical  variables  which  are  not  accounted  for  in  the  formulation  of  the 
gravity  model. 

A  second  look  at  the  results  of  the  comparison,  this  tine  from  the 
aspect  of  the  type  and  distribution  of  errors,  will  reveal  a  definite 
pattern  in  the  occurrence  of  errors.  Based  on  the  method  of  comparison, 
a  positive  error  is  caused  by  an  undercalculation  in  the  distribution  and 
a  negative  error  by  an  overcalculation  in  the  distribution.  Furthermore, 
if  the  assumptions  made  in  the  study  are  correct,  a  random  occurrence  of 
positive  and  negative  errors  would  be  expected  throughout  the  distribution. 
These  errors  are  caused  by  inability  of  a  model  to  predict  human  behavior 
exactly. 

The  object  of  this  study  was  to  define  a  model  with  a  single  exponent 
which  has  the  ability  of  accurately  distributing  a  known  number  of  recrea- 
tional trips.   This  was  based  on  the  assumption  that  the  parks  serve  a 
single  population  and  on  the  desire  to  keep  the  model  in  its  simpliest  form. 
Therefore,  if  this  assumption  was  correct,  a  random  distribution  should  be 
apparent.   The  table  below  indicates  that  there  is  a  definite  pattern  in 
the  errors. 


In-State 

Out-of-State 

i 

Average 

Percent 

Percent 

Average 

Percent 

Percent 

Park 

Distance 

(+) 

(-) 

Distance 

(+) 

(-) 

Brown  Cuun-oy 

102 

51 

16 

223 

19 

U0 

Shades 

108 

U9 

9 

192 

16 

35 

Tippecanoe  River 

10U 

72 

7 

196 

27 

m 

Turkey  Run 

11U 

S7 

8 

219 

26 

Uo 

Average  Park 

107 

% 

10 

208 

22 

39 
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The  trips  from  in-state  counties  tend  to  be  undercalculated  (greater 
percentage  of  positive  errors)  while  the  trips  from  out-of-state  counties 
tend  to' be  overcalculated  (greater  percentage  of  negative  errors). 

In  general,  it  can  be  stated  that  a  trip  from  an  out-of-state  county 
will  be  generated  from  a  further  point  than  a  trip  from  an  in-state  county. 
Therefore,  it  can  be  assumed  that,  in  general,  the  positive  errors  are 
occurring  in  the  close  counties,  and  the  negative  errors  are  occurring  in 
the  more  distant  counties.   Based  on  this  assumption,  and  recalling  the 
theory  behind  the  determination  of  a  single  exponent  model,  it  can  be 
seen  that  some  of  the  error  could  be  eliminated  by  assuming  two  populations, 
each  with  its  own  exponent. 


;  break  point  in 
error  type 


log  D. . 


The  smaller  slope  for  those  closer  counties,  would  result  in  a  larger 
number  of  trips  being  distributed  to  these  counties,  while  the  'larger 
slope  for  the  distant  counties,  would  result  in  a  smaller  number  of  trips 
being  distributed  to  those  counties.  This  would  result  in  the  required 
correction  of  the  calculated  values. 
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Lastly,  a  comment  is  necessary  on  the  method  used  to  test  the  signi- 
ficance of  the  distribution.  In  the  procedure  used,  a  given  number  of 
trips  were  distributed  by  the  gravity  model,  and  then  a  comparison  was  made 
on  each  county  individually.  However,  because  of  the  small  sample  size 
connected  with  each  of  the  individual  counties,  the  magnitude  of  the  errors 
were  quite  deceiving  and  very  erratic.  If  the  counties  were  grouped  into 
sections  before  the  comparison  was  made,  some  of  these  distorted  errors 
would  be  removed.  For  example,  assume  the  existence  of  a  hypothetical  sec- 
tion comprised  of  seven  counties.  The  theoretical  distribution  has  been 
made  and  a  comparison  based  on  individual  counties  has  been  performed. 


County   Observed   Calculated   Difference   Percent  Error 
Trips      Trips 

20 

-33 

100 

50 

33 

-200 

100 


The  last  column,  which  indicated  the  percent  error,  reveals  errors  of 
greater  than  100  percent  in  three  of  the  counties.  Of  special  interest 
is  the  100  percent  error  found  in  counties  3  and  7  due  to  an  error  of  only 
one  trip.  However,  if  the  seven  counties  had  been  considered  as  one  sec-^ 
tion  with  51  observed  trips  and  U6  calculated  trips,  the  error  would  have 
been  only  6  percent.   This  problem  is  not  unique,  but  has  been  found  to 
exist  in  similar  cases  where  a  gravity  model  was  used  with  a  small  number 
of  observations  (5). 


1 

25 

20 

+5 

2 

12 

16 

-h 

3 

1 

0 

+1 

k 

2 

l 

+1 

5 

9 

6 

+3 

6 

1 

3 

-2 

7 

1 

2 

-1 

Section 

51 

us 

+3 
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In  conclusion,  a  great  deal  of  additional  work  must  be  done  with  the 
gravity  model  before  it  can  be  used  as  a  satisfactory  distribution  method. 
The  analysis  of  the  results  of  this  study  indicate  that  there  are  many 
refinements  which  can  be  made,  but  even  more  significant,  that  there  are 
several  refinements  possible  which  will  definitely  improve  the  usage  of 
the  gravity  model. 
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CONCLUSIONS 

From  the  results  of  this  study  it  is  concluded : 

(1)  That  recreational  trips  to  state  parks  can  be  distributed  by- 
use  of  a  gravity  model,  but  additional  research  is  still 
needed. 

(2)  That  at  least  two  different  population  types  are  served  by  a 
single  state  park. 

(3)  That  the  total  number  of  recreational  trips  attracted  to  a 
state  park  can  be  predicted  with  a  regression  model  based  on 
the  characteristics  of  the  park. 

(U)  That  state  parks  service  different  overall  areas  and  can  be 

classified  as  local  or  state-wide  attractors  based  on  the  size 
of  the  area  they  serve. 

(5>)  That  between  6$  and  68  percent  of  the  total  weekly  state  park 
trips  will  be  made  on  the  weekend. 

(6)  That  approximately  90  percent  of  the  total  trips  to  a  state 
park,  which  would  not  be  classified  as  local,  will  originate 
from  an 'area  within  1H>2  miles  of  the  park. 

(7)  That  70  percent  of  the  total  trips  made  on  a  weekend  occur 
on  Sundays. 
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(8)  That  the  peak  interval  of  arrival  on  Friday  is  the  hour  between 

7:00  and  8:00  PM;  on  Sunday  is  the  hour  between  12:00  noon  and 

1:00  PM;  and  on  Saturday  is  betaeen  the  hours  of  10:00  AM  and 

3:00  PM. 
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SUGGESTED  RESEARCH 

The  following  are  suggested  as  areas  of  future  study: 

(1)  Determination  of  a  two  exponent  model,  with  one  tern  defined 
for  near  counties,  and  the  second  for  far  counties. 

(2)  Determination  of  a  regression  model  for  the  prediction  of  the 

1 

number  of  recreational  trips  that  a  residential  area  (county) 
can  generate  based  on  the  characteristics  of  the  area  and  its 
inhabitants. 

(3)  Determination  of  a  system  of  classification  of  State  Recreational 
Areas  accord5_ng  to  the  size  of  area  served,  to  distinguish  between 
local  and  state-wide  ittractors. 

(U)  Determination  of  a  set  of  special  constants  to  eliminate  those 

errors  which  are  not  random. 
(5)  Determination  of  a  new  method  of  analyzing  data  when  the  sample 

size  is  small. 
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APPENDIX  A 

Tables  11  through  15  which  are  found  in  this  Appendix  are  a  presenta- 
tion of  the  observed  distribution  of  weekend  trips.  The  county  number 
identifying  each  set  of  observations  is  interpreted  as  follows :  the  first 
number  refers  to  the  county  observation  number  within  the  park  and  the 
second  number  (in  parenthesis)  refers  to  the  code  number  within  the  stato 
as  listed  in  Appendix  B.  In  these  tables,  a  cross  (+)  replacing  any 
weekly  observation  represents  the  non-occurrence  of  trips  for  that  week- 
end. 
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TABLE  16:  NUMERICAL  CODE  LIST  -  ILLINOIS  COUNTIES 


1  Adams 

2  Alexander 

3  Bond 
h  Boone 

5  Brown 

6  Bureau 

7  Calhoun 

8  Carroll 

9  Cass 

10  Champaign 

11  Christian 

12  Clark 

13  Clay 
lU  Clinton 

15  Coles 

16  Cook 

17  Crawford 

18  Cumberland 

19  DeKalb 

20  DeWitb 

21  Douglas 

22  DuPage 

23  Edgar 
2U  Edwards 


25  Ettingham 

26  Fayette 

27  Ford 

28  Franklin 

29  Fulton 

30  Gallatin 

31  Greene 

32  Grundy 

33  Hamilton 
3h  Hancock 

35  Hardin 

36  Henderson 

37  Henry 

38  Iroquois 

39  Jackson 
UO  Jasper 

ill  Jefferson 

1;2  Jersey 

U3  Jo  Daviess 

Uh  Johnson 

U5  Kane 

1|6  Kankakee 

hi  Kendall 

U8  Knox 


k9  Lake 

50  La  Salle 

51  Lawrence 

52  Lee 

53  Livingston 
5U  Logan 

S$  Mc Do no ugh 

56  McHenry 

57  McLean 

58  Macon 

59  Macoupin 

60  Madison 

61  Marlon 

62  Marshall 

63  Mason 
6k  Massac 

65  Menard 

66  Merien 

67  Monroe 

68  Montgomery 

69  Morgan 

70  Boultrie 

71  Ogle 

72  Pedria 


TABLE  16:  NUMERICAL  CODE  LIST  -  ILLINOIS  COUNTIES  (Continued) 
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73  Perry 

7U  Piatt 

1$  Pike 

76  Pope 

77  Fulaski 
70  Putnam 

79  Randolph 

80  Richland 

81  Rock  Island 

82  St.   Clair 


83  Saline 

81;  Sangamon 

85  Schuyler 

86  Scott 

87  Shelby 

88  Stark 

89  Stephenson 

90  Tazewell 

91  Union 

92  Vermilion 


93  Wabash 

9h  Warren 

9$  Washington 

96  Wayne 

97  White 

98  Whiteside 

99  Will 

100  Williamson 

101  Winebago 

102  Ifoodford  ' 


TABLE  17  :  NUMSiaCAL  CODE  LIST  -  INDIANA  COUNTIES 


lUi 


1  Adams 

2  Allen 

3  Bartholomew 
h  Benton 

5  Blackford 

6  Boone 

7  Brown 

8  Carroll 

9  Cass 
1C  Clark 

11  Clay 

12  Clinton 

13  Crawford 
llj  Daviess 

15  Dearborn 

16  Decatur 

17  DeKalb 

18  Delaware 

19  Dubois 

20  Elkhart 

21  Fayette 

22  Floyd 

23  Fountain 
2li  Franklin 


25  Fulton 

26  Gibson 

27  , Grant 

28  Greene 

29  Hamilton 

30  Hancock 

31  Harrison 

32  Hendricks 

33  Henry 
3li  Howard 

35  Huntington 

36  Jackson 

37  Jasper 

38  Jay 

39  Jefferson 
I4O  Jennings 
Ul  Johnson 
k2  Knox 

U3  Ko  sciusko 

kh  LaGrange 

b$  Lake 

I46  LaPorte 

i;7  Lawrence 

UB  Madison 


li9  Marion 

<?0  Marshall 

51  Martin 

52  Miami 

53  Monroe 

5ii  Montgomery 

^  Morgan 

56  Newton 

57  Noble 

58  Ohio 

59  Orange 

60  Owen 

61  Parke 

62  Periy 

63  Pike 
6I4.  Porter 

65  Posey 

66  Pulaski 

67  Putnam 

68  Randolph 

69  Ripley 

70  Rush 

71  St.  Joseph 

72  Sco  bt 
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TABLE  17:  NUMERICAL  CODE  LIST  -  INDIANA  COUNTIES  (Continued) 


73  Shelby 

7h  Spencer 

75  Starke 

76  Steuben 

77  Sullivan 

78  Switzerland 

79  Tippecanoe 


80  Tipton 

81  Union 

82  Vanderburgh 

83  Vermillion 
8k  Vigo 

85  Wabash 

86  Warren 


87  Warrick 

88  Washington 

89  Wayne 

90  Wells 

91  White 

92  Whitley 
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TABLE  18 :  NUMERICAL  CODE  LIST  -  KENTUCKY  COUNTIES 


1  Adair 

2  Allen 

3  Anderson 
2*  Ballard 

5  Baren 

6  Bath 

7  Bell 

8  Boone 

9  Bourbon 

10  Boyd 

11  Boyle 

12  Bracken 

13  Breathitt 
111  Breckinridge 

15  Bullitt 

16  Butler 

17  Caldwell 

18  Calloway 

19  Compbell 

20  Carlisle 

21  Carroll 

22  Carter 

23  Casey 

2U  Christian 


25  Clark 

26  Clay 

27  Clinton 

28  Crittenden 

29  Cumberland 

30  Daviess 

31  Edmonson 

32  Elliott 

33  Estill 
3h  Fayette 

35  Fleming 

36  Floyd 

37  Franklin 

38  Fulton 

39  Gallatin 
U0  Garrard 
Ijl  Grant 

1*2  Graves 

1*3  Grayson 

hh  Greene 

h$  Greenup 

1*6  Hancock 

1*7  Hardin 

1*8  Harlan 


1*9  Harrison 

50  Hart 

51  Henderson 

52  Henry 

53  Hickman 
$k  Hopkins 

55  Jackson 

56  Jefferson 

57  Jessamine 

58  Johnson 
$9  Kenton 

60  Knott 

61  Knox 

62  Larue 

63  Laurel 
61*  Lawrence 

65  Lee 

66  Leslie 

67  Letcher 

68  Lewis 

69  Lincoln 

70  Livingston 

71  Logan 

72  Lyon 


TABLE  18:  NUMERICAL  CODS  LIST  -  KENTUCKY  COUNTIES  (Continued) 
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73  McCracken 

7U  McCreary 

7$  McLean 

76  Madison 

77  Magoffin 

78  Marion 

79  Marshall 

80  Martin 

81  Mason 

82  Meade 

83  Menifee 
8ij.  Merier 
8£  Metcalfe 

86  Monroe 

87  Montgomery 

88  Morgan 


89  Muhlenberg 

90  Nelson 

91  Nicholas 

92  Ohio 

93  Oldham 
9h  Owen 

95  Owsley 

96  Pendleton 

97  Perry 

98  Pike 

99  Powell 

100  Polaski 

101  Robertson 

102  Rockcastle 

103  Rowan 
10li  Russell 


105  Scott 

106  Shelby 

107  Simpson 

108  Spencer 

109  Taylor 

110  Todd 

111  Trigg 

112  Trimble 

113  Union 
111;  Warren 

115  Washington 

116  Wayne 

117  Webster 

118  I/hitley 

119  Wolfe 

120  Woodord 


TABUS  19:  NUMERICAL  CODE  LIST  -  MICHIGAN  COUNTIES 
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1  Alcona 

2  Alger 

3  Allegan 
U  Alpena 

5  Antrim 

6  Arenac 

7  Baraga 

8  Bariy 

9  Bay 

10  Benzie 

11  Berrien 

12  Branch 

13  Calhoun 
Ik  Cass 

15  Charlevoix 

16  Cheboygan 

17  Chippewa 

18  Clare 

19  Clinton 

20  Crawford 

21  Delta 

22  Dickinson 

23  Eaton 
2k  Emmet 


25  Genesse 

26  Gladwin 

27  Gogobic 

28  Grand  Traverse 

29  Gratiot 

30  Hillsdale 

31  Houghton 

32  Huron 

33  Ingham 
3k  Ionia 

35  Iosco 

36  Iron 

37  Isabella 

38  Jackson 

39  Kalamazoo 
k0  Kalkaska 
I4I  Kent 

k2  Keweenaw 

kl  Lake 

kh  Lapeer 

h$  Leelanav 

2i6  Lenawee 

li.7  Livingston 

1|8  Luce 


k9  Mackinac 

50  Macomb 

51  Manistee 

52  Marzuette 

53  Mason 
$k  Mecosta 
55  Menominee 
%  Midland 

57  Missaukee 

58  Monroe 
5,9  Montcalm 

60  Montmorency 

61  Muskegon 

62  Newaygo 

63  Oakland 
6k  Oceana 

65  Ogemaw 

66  Ontonagon 

67  Osceola 

68  Oscoda 

69  Otsego 

70  0  ttawa 

71  Presque  Isle 

72  Roscommon 


TABLE  19:  NUMERICAL  CODE  LIST  -  MICHIGAN  COUNTIES  (Continued) 
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73  Saginaw 

7h  St.    Clair 

IS  St.   Joseph 

76  Sanilac 


77  Schoolcraft 

78  Shiawasse 

79  Tuscola 

80  Van  Buren 


81  Washtenaw 

82  Wayne 

83  Wexford 
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TABL2  20:  NUMERICAL  CODE  LIST  -  MISSOURI  COUNTIES 


1  Adair 

2  Andrew 

3  Atchison 
k  Audrain 

5  Barry 

6  Barton 

7  Bates 

8  Benton 

9  Bollinger 

10  Boone 

11  Buchanan 

12  Butler 

13  Caldwell 
1U  Calaway 

15  Camden 

16  Cape  Girardeau 

17  Carroll 

18  Carter 

19  Cass 

20  Cedar 

21  Chariton 

22  Christian 

23  Clark 
2U  Clay 


25  Clinton 

26  Cole 

27  Cooper 

28  Crawford 

29  Dade 

30  Dallas 

31  Daviess 

32  De  Kalb 

33  Dent 

3k  Douglas 

35  Dunklin 

36  Franklin 

37  Gasconade 

38  Gentry 

39  Greene 
U0  Grundy 
Ul  Harrison 
l|2  Henry 

U3  Hickory 

hh  ffolt 

h$  Howard 

I46  Howell 

hi  Iron 

U8  Jackson 


li9  Jasper 

50  Jefferson 

51  Johnson 

52  Knox 

53  Laclede 
5ii  Lafayette 

55  Lawrence 

56  Lewis 

57  Lincoln 

58  Linn 

59  Livingston 

60  McDonald 

61  Macon 

62  Madison 

63  Maries 
6I4.  Marion 

65  Kercer 

66  Miller 

67  Mississippi 

68  Moniteau 

69  Monroe 

70  Montgomery 

71  Mo  rgan 

72  New  Madrid 
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TABLE  20:  NUMERICAL  CODE  LIST  -  MISSOURI  COUNTIES  (Continued) 


73  Newton 

7U  Nodaway  . 

75  Oregon 

76  Osage 

77  Ozark 

78  Pemiscot 

79  Ferxy 

80  Pettis 

81  Phelps 

82  Pike 

83  Platte 
8ii  Polk 

85  Pulasri 

86  Putnam 

87  Ralls 


88  Randolph 

89  Ray 

90  Reynolds 

91  Ripley 

92  St.   Charles 

93  St.   Clair 

9h  St.    Francois 

95  St.  Louis        ' 

96  St.  Louis  City 

97  Ste.   Genevieve 

98  Saline 

99  Schuyler 

100  Scotland 

101  Scott 


102  Shannon 

103  Shelby 
10h  Stoddard 

105  Stone 

106  Sullivan 

107  Taney 

108  Texas 

109  Veron 

110  Warren 

111  Wasliington 

112  Wayne 

113  Webster 
lilt  Worth 
115  Wright 
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TABLE  21 :  NUMERICAL.  CODS  LIST  -  OHIO  COUNTIES 


1  Adams 

2  Allen 

3  Ashland 

k  Ashtabula 

5  Athens 

6  Auglaize 

7  Belmont 

8  Brown 

9  Butler 

10  Carroll 

11  Champaign 

12  Clark 

13  Clermont 
111  Clinton 

lf>  Columbiana 

16  Coshocton 

17  Crawford 

18  Cuyahoga 

19  Darke 

20  Defiance 

21  Delaware 

22  Erie 

23  Fairfield 
2k  Fayette 


25  Franklin 

26  Fulton 

27  Gallia 

28  Geauga 

29  Greene 

30  Guernsey 

31  Hamilton 

32  Hancock 

33  Hardin 
3k  Harrison 

35  Henry 

36  Highland 

37  Hocking 

38  Holmes 

39  Huron 
I4.O  Jackson 
111  Jefferson 
k2  Knox 

li3  Lake 

kh  Lawrence 

h&  Licking 

I4.6  Logan 

kl  Lorain 

1*8  Lucas 


k9  Madison 

50  Mahoning 

51  Marion 

52  Kedina 
£3  Meigs 
5U  Mercer 

55  Miami 

56  Monroe 

57  Montgomery 

58  Morgan 
$9  Morrow 

60  Muskingum 

61  Noble 

62  Ottawa 

63  Paulding 
6k  Perry 

65  Pickaway 

66  Pike 

67  Portage 

68  Preble 
.69  Putnam 

70  Richland 

71  Ross 

72  Sandusky 


TABLE  21:  NUMERICAL  CODE  LIST  -  OHIO  COUNTIES  (Continued) 
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73  Scioto 

7U  Seneca 

75  Shelby 

76  Stark 

77  Summit 

78  Trumbull 


79  Tuscarawas 

80  Union 

81  Van  Wert 

82  Vinton 

83  Warren 

8i|  >fe.shington 


85  Wayne 

86  Williams 

87  Wood 

88  Wyandot 


TABLE  22:  NUMERICAL  CODE  LIST  -  WISCONSIN  COUNTIES  ' 


12U 


1  Adams 

2  Ashland 

3  Barron 

h  Bayfield 

5  Brown 

6  Buffalo 

7  Burnett 

8  Calumet 

9  Chippewa 

10  Clark 

11  Columbia 

12  Crawford 

13  Dane 
li*  Dodge 

15  Door 

16  Douglas 

17  Dunn 

18  Eau  Claire 

19  Florence 

20  Fond  du  Lac 

21  Forrest 

22  Grant 

23  Greene 

2U  Green  Lake 


25  Iowa 

26  Iron 

27  Jackson 

28  Jefferson 

29  Juneau 

30  Kenosha 

31  Kewaunee 

32  La  Crosse 

33  Lafayette 
3li  Langlade 
3?  Lincoln 

36  Manitowac 

37  Marathon 

38  Marinette 

39  Marquette 
UO  Milwaukee 
Ul  Monroe 

h2  Oconto 

U3  Oneida  > 

hk  Outagamie 

I4.5  Ozaukee 

h.6  Pepin 

hi  Pierce 

k&  Polk 


k9  Portage 

$0  Price 

51  Racine 

52  Richland 

53  feck 
5U  Rusk 

$$  St.   CroJbc 

56  Saulk 

57  Sawyer 

58  Shawand 
$9  Sheboygan 

60  Taylor 

61  Trempealeau 

62  Vernon 

63  Vilas 
6I4.  Walworth 

65  Washburn 

66  Washington 

67  Waukesha 

68  Waupaca 

69  Waushara 

70  Winnebago 

71  Wood 
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DESCRIPTION  OF  STATE  RECREATIONAL  AREAS 

A  state  park  is  by  definition  a  "relatively  spacious  area  of  out- 
standing scenic  or  wilderness  character,  often  times  containing  signifi- 
cant historical,  archeological,  ecological,  geological,  and  other  scientific 
values,  preserved  as  nearly  as  possible  in  their  original  or  natural  condition 
and  providing  opportunity  for  appropriate  types  of  recreation  where  such 
will  not  destroy  or  impair  the  features  and  values  to  be  preserved"  (29). 
The  Indiana  State  Parks  System  was  established  in  1916  when  McCormick's 
Creek  and  Turkey  Run  were  founded.  The  original  land  acquisitions  were 
based  on  the  above  definition  but  in  recent  years  more  emphasis  has  been 
placed  on  the  provision  of  the  recreational  facilities  for  concentrations 
of  population,  than  in  the  concern  with  outstanding  landscape  or  historical 
significance.  A  description  of  the  twenty  areas  presently  in  the  Indiana 
State  Park  System  follows. 

A.  BASS  LAKE  STATE  BEACH  -  A  twenty-one  acre  tract  on  the  shore  of 
Indiana's  fourth  largest  lake  providing  excellent  swimming  and 
fishing  facilities.  The  park  is  located  on  Indiana  10,  near 
Knox. 

3.   BR01M  COUNTY  STATE  PARK  -  Largest  of  Indiana's  parks  with  15,332 
acres  of  wooded  hill  land,  it  is  famed  for  its  brilliant  fall 
coloring  and  is  the  inspiration  of  artists  the  world  over.  A 
former  state  game  preserve,  now  part  of  the  Park,  provides  lakes, 
streams,  and  miles  of  drives  and  trails.  The  Park  is  located  on 
Indiana  li6  and  135,  near  Nashville. 

C.  CHAIN  0' LAKES  STATE  PARK  -  This  1,920  acre  park  located  on  Indiana 
9  near  Albion  is  presently  under  development. 

D.  CLIFTY  FALLS  STATE  PARK  -  Situated  on  the  Ohio  River,  the  Park 
offers  visitors  a  breath-taking  view  of  the  River,  the  paddle- 
wheel  steamboats,  and  the  haze-hung  hills  of  the  Kentucky  shore. 
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The  falls  of  CI if ty  Creek  and  Little  Clifty  Creek  and  the  deep 
boulder- s trewn  canyon  into  which  the  sun  shines  only  at  mid-day 
are  several  of  the  attractions  found  within  its  668  acres  of 
scenic  beauty.  The  park  is  located  on  Indiana  107  and  $6,   near 
Madison. 

E.  INDIANA  DUNES  STATE  PARK  -  The  summer  playground  for  many  people 
each  year,  this  park  is  situated  along  three  miles  of  fine,  white 
sand  on  Lake  Michigan.  The  Park  is  noted  chiefly  for  the  numer- 
ous sand  dunes,  both  moving  and  fixed,  which  occur  in  that  region 
and  it  is  one  of  the  few  places  where  the  sand  dunes  have  been 
preserved  for  the  public.  Behind  the  dunes  are  densely  forested 
areas,  including  a  large  section  of  marsh  land.  The  area  is  also 
abundently  covered  with  numerous  varieties  of  midwestern  trees 
and  shrubs  providing  2,182  acres  of  diversified  beauty.  The  Park 
is  located  on  Indiana  12  and  U9,  near  Chesterton. 

F.  KANKAKEE  RIVER  -  The  1,79k   acres  of  this  Park  are  situated  in 
the  vast  Kankakee  Swamp  which  was  once  a  famous  wild-life  area. 
Partly  drained  for  agricultural  purposes,  the  area  has  the  poten- 
tial of  becoming  a  renowned  wild-life  refuge  and  fishing  ground. 
The  Park  is  located  on  U.  S.  Ul,  near  Schneider. 

G.  LIEBER  STATE  PARK  -  An  8,21*8  acre  area  leased  to  the  Indiana 
Department  of  Conservation  by  the  United  States  Array  Corps  of 
Engineers,  the  Park  is  located  on  Indiana  )\2,   near  Cloverdale. 

H.   LINCOLN  STATE  PARK  -  A  tribute  to  Abraham  Lincoln,  this  Park  of 
1,622  acres,  is  located  on  the  land  where  Lincoln  spent  fourteen 
years  as  a  boy  and  young  man.  Containing  winding  trails  and 
drives,  it  provides  many  attractive  sights.  The  Park  is  located 
on  Indiana  162,  near  Lincoln  City. 

I.  MCCORMICK'S  CREEK  STATE  PARK  -  The  first  of  Indiana's  State  Parks, 
it  is  chiefly  noted  for  the  low  falls  in  McCormick's  Creek  and 
the  large  limestone  canyon  eroded  by  the  Creek  to  connect  the 
falls  with  the  White  River.  Along  the  Creek  there  are  foot  trails, 
bridle  paths,  and  roads  on  which  to  explore  the  forests,  ravines, 
sink  holes,  deep  stone  gullies,  and  abandoned  quarry.  This  1,225 
acre  Park  is  located  on  Indiana  U6,  near  Spencer. 

J.  MOUNDS  STATE  PARK  -  Bordering  on  the  White  River,  this  Park  was 
set  aside  to  preserve  the  rare  examples  of  the  prehistoric  Mound 
Builder's  work.  The  largest  work  consists  of  a  great  earthen 
mound  encircled  by  an  earthen  wall  1200  feet  in  circumference 
and  9  feet  high.  The  area  is  heavily  wooded,  and  its  25>U  acres 
contains  several  other  smaller  examples  of  this  prehistoric 
civilization.  The  Park  is  located  on  Indiana  32,  near  Anderson. 

K.   POKAGOH  STATE  PARK  -  Rapidly  becoming  known  as  a  "year  'round 
playground, "  both  summer  and  winter  sports  enthusiasts  can  find 
numerous  recreational  activities  on  the  Q3>6  acres  of  this  Park 
which  is  located  on  U.  S.  27,  near  Angola. 
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L.  RACCOON  LAKE  STATE  RECREATIONAL  AREA  -  Opened  in  July  of  1961, 
this  3,938  acre  Park  contains  a  600  acre  peninsula  jutting  into 
the  Raccoon  Lake  Flood  Control  Reservoir,  a  body  of  water  which 
has  a  summer  surface  area  of  2100  acres.  Its  particular  loca- 
tion makes  the  reservoir  the  focal  point  of  its  activity  and 
allows  an  abundance  of  water  oriented  activities.  The  area  is 
located  on  U.  S.  I4J4,  near  Hollandsburg. 

M.  SCALES  LAKE  STATE  BEACH  -  A  former  State  Forest  which  is  now 

being  administered  as  a  recreation  area,  the  area  is  composed  of 

1*77  acres  of  a  one-time  strip  mine.  The  Park  is  located  on 
U.  S.  U60,  near  Boonville. 

N.  SHADES  STATE  PARK  -  This  Park's  2, $70  acres  of  rugged  terrain 

along  Sugar  Creek  is  famous  for  its  appeal  to  the  hiker  who  seeks 
to  explore  the  deep  sandstone  gorges  and  quiet  trails  through 
virgin  woods.   The  Park  is  located  on  Indiana  23U,  near  Waveland. 

0.  ♦SHAKAHAK  STATE  PARK  -  Located  in  the  heart  of  the  Indiana  coal 
mining  area,  this  Park's  two  artificial  lakes  compose  the  center 
of  its  activity.  Enroute  to  the  Park,  motorists  may  observe  the 
strip-mining  of  coal,  while  within  Shakamak's  1,016  rustic  acres 
is  a  small  mine  in  which  one  can  see  coal  in  its  natural  state. 
The  park  is  located  on  Indiana  1$   and  159,  near  Jasonville. 

P.  SPRING  MILL  STATE  PARK  -  This  area  is  noted  for  its  reconstructed 
pioneer  village  including  the  original  water  powered  grist  mill, 
the  reconstructed  saw  mill,  buildings  housing  the  various  indus- 
tries of  the  town  and  many  of  the  original  residences.  Aside 
from  the  village,  there  are  many  large  caves  in  the  area  with 
provisions  for  guided  boat  trips  or  exploration  on  foot.  This 
Park's  1,210  scenic  acres  are  located  on  Indiana  60,  near  Mitchell, 

Q.   TIPPECANOE  RIVER  STATE  PARK  -  Stretching  for  eight  miles  along 
the  Tippecanoe  River,  this  Park  covers  2,7li3  acres.  The  area 
contains  extensive  group  camping  facilities  and  is  located  on 
U.  3.  35,  near  Winamac. 

R.  •  TURKEY  RUN  STATE  PARK  -  The  second  Park  established  in  Indiana, 
this  area  is  chiefly  noted  for  its  geological  formations  and 
rugged  canyons  formed  during  the  glacial  periods.  Its  1,71*0 
acres  provide  a  diversified  number  of  group  and  individual 
activities.  The  Park  is  located  on  Indiana  U7,  near  Marshall. 

S.  VERSAILLES  STATE  PARK  -  Widely  known  among  sportsmen  throughout 
Indiana  and  the  adjoining  States  for  the  excellent  field  running 
grounds,  the  5,858  acres  of  this  Park  stradle  Loughery  and  Fatten 
Timber  Creeks.  The  Park  is  located  on  Indiana  29  and  U.  S.  50, 
near  Versailles. 
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T.  WHITEWATER  STATE  PARK  -  This  area  which  contains  1,515  acres, 
including  a  200  acre  lake,  is  now  under  development.  The  Park 
is  located  on  Indiana  14;,  near  Liberty. 
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TABLE  23 :   VARIABLES  USED  IN  THE  REGRESSION  ANALYSIS  - 
LISTED  IN  ORDER  OF  IMPORTANCE 

Variable  No.  Variable  Name 

1  Number  of  picnic  tables 

2  Number  of  campsites 

3  Area  of  lakes 

h  Acres  of  the  park  intensively  developed 

S>  Availability  of  flush  toilets 

i 

6  Bathhouse  on  premises 

7  Number  cf  cabin  rooms 

8  Area  of  picnic  shelters 

9  Total  capacity  of  guest-living  facilities 

10  Lectures  given 

11  Beach  available 

12  Fishing  permited 

13  Availability  of  showers 

111  Naturalist  Service  available 

±5  Water  front  located  on  premises 

16  Number  of  foot  trails  marked 

17  Location  on  river 

18  Availability  of  electricity 

19  Population  within  60  miles-  of  the  park 

20  Availability  of  pit  toilets 

21  Availability  of  laundry  tubs 

22  Number  of  rooms  in  the  Inn 

23  Dining  room  capacity 
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TABLE  23  (Continued) 
Variable  No.  Variable  Name 

2k  Recreation  field  on  premises 

25  Availability  of  fire  wood 

26  Concessions  provided 

27  Total  acreage  of  the  park 

28  Drinking  water  provided 

29  Number  of  private  baths 

30  Miles  of  park  drives 

31  Bridle  trails  provided 

32  Saddle  barn  on  premises 

33  Water  skiing  allowed 
3ii  Wildlife  exhibits 

33>  Playground  equipment  available 

36  Population  within  10  miles  of  the  park 

37  Availability  of  hot  water 

38  Tennis  and  other  games 

39  Population  within  30  miles 

U0  Boat  launching  sites  available 

Ul  Pool  on  premises 

ii2  Archery  course 

U3  Museum  on  premises 

hk  Swimming  allowed 

hb  Capacity  of  group  camps 

U6  Hiking  conducted 

U7  Bicycles  rented 

U8  Boats  rented 


